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I. INTRODUCTION
More than ever, competitiveness has become a function of the
ability of producers to innovate quickly and efficiently. Against a
backdrop of intense global competition, dramatic reductions in product
life cycles, coupled with equallydramatic increases in front-end
costs, have made it both more important and more difficult for
individual firms to master the art of generating and applying
knowledge. It is more important because firms that fail to remain at
the technical forefront for even a short while can easily miss out on
entire new product markets; it is more difficult because the price of
entry into these industries of the future is rising and must be paid
more frequently.
In this context, it is not surprising that firms in
knowledge-intensive industries are looking outside their organizations
for help in developing technologies and meeting the burdens of R&D
investment. Even the largest and richest firms appear less confident
that they can generate autonomously the innovations needed for growth.
Recent global trends in knowledge intensification and product life
cycle compression make it increasingly difficult for firms to capture
the rent from their own innovations. Large and small firms alike,
needing to stay active in broader technical areas, have turned to what
Fusfield and Haklisch have called "the external reservoir of science
and technology"1 and to a strategy that Mytelka terms the
"delocalization" of research.2 There is evidence that this
"delocalization" has accelerated sharply, often at the expense of
internal R&D spending.3
In many instances, public or guasi-public institutions provide
external or delocalized resources. Traditionally, in the US, such
support has come from two sources. The first has been the government,
in particular, the Department of Defense and NASA, which have
underwritten substantial private investment in aviation, computers,
lasers, and other technologies with potential military application.
The second source has been the universities, which, with outside
financial support, have been willing to conduct and make available
1 Fusfield and Haklisch (1985) p.73.
2 Mytelka, (1986).
3 Haklisch (1986); Horwitch (forthcoming Chapter Six); Mytelka,
op.cit. Also note Mowrey's (1983) historical study of contract
research which demonstrates that the largest firms with the most
advanced knowledge were also the first to use external sources of
knowledge and expertise.
4 Mytelka, in Caporaso (1987), pp. 43-70.
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Of late, American firms have begun tapping a third source of
technological know-how -- each other. Although companies linked
vertically in the value-added chain have long worked together to
develop new products, until recently, horizontal cooperation among
firms competing in the same product markets was limited by legal
proscriptions and economic norms. Since the late-1970's, however,
American antitrust provisions have been relaxed progressively to permit
collaborative ventures in R&D among competitors, and firms have rushed
to take advantage of the new legal context. One study relates that,
while the period 1973-80 saw only one year in which there were more
than 200 reported R&D joint ventures, the figures for 1982 and 1983
were 281 and 348 respectively.5 Several research centers have been
created specifically for the promotion of joint R&D. These include:
the Semiconductor Research Corporation (SRC) established in 1982, the
Microelectronics and Computer Technology Corporation (MCC) launched in
1983, and Sematech, which began operating in 1987.
European thinking has undergone a similar evolution.
Traditionally, in Europe, research collaboration has been viewed as
"hardly more exciting than the work of the local post office." It has
been compared to a dog walking on its hind legs: "it is not done well,
but you are surprised to find it done at all."6 Yet, in the last five
years the British government initiated its Alvey Programme of
cooperative research in computer science modeled directly upon the
Japanese Fifth Generation Project, the European Strategic Program for
Research and Development in Information Technologies (ESPRIT) was
begun, and other collaborative research initiatives (such as EUREKA and
BRITE) were undertaken to fortify Europe's technology base.7
While collaboration among competitors for the production of
knowledge represents a relatively new development in the US and
Europe, it has had a rather longer history in Japan. Cooperative R&D
has been ubiquitous in Japan's leap from a position of technological
backwardness to one of world leadership in just a few decades and at
relatively low cost to government and industry.
This paper seeks to provide an understanding of the process by
which interfirm cooperation in R&D has become an established part of
the Japanese industrial landscape. After taking stock and briefly
describing research collaboration in Japan in section two, the third
5 B. Jacobs (1984), "Up with Joint R&D, Down with Treble
Damages," Industry Week, 220: 45-48, cited in Kurokawa (1987), p. 22.
6 Woodward (1965) p.3 8 -9.
7 For more on European research collaboration, see Mytelka
(1986), Vernon (1974), DeForest (1986), Johnson (1972), and Alic
(1986), and the essays prepared for this conference.
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section will show that the leading theoretical approaches are unable to
provide a convincing explanation for the practice of collaborative R&D
among competing firms in Japan. The fourth section will outline an
alternative explanation of the Japanese case as a strategic response to
international technological competition based upon nationai historical,
ideological, and institutional resources. The fifth sectionwill
apply this model to the areas of telecommunications, computers, and jet
aircraft. Finally, we will argue that Japanese practice suggests
important modifications in our traditional understanding of how
innovation is best promoted.
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6II. INTERFIRM R&D IN JAPAN - THE LANDSCAPE
Interfirm research collaboration in Japan is widespread,
structurally diverse, and increasing rapidly in both absolute terms and
as a proportion of total R&D.8 A survey by the Japan Key Technology
Center in 1986 revealed that nearly 90 percent of the 261 firms
surveyed have had joint research experience. Two-thirds have engaged
in interfirm research projects.9 The Economic Research Institute of
the Machinery Promotion Industry Association reported a rapid increase
in the filing of joint patent applications (JPA's) by Japanese firms.
In the case of materials research alone, nearly 1600 JPA's were filed
between 1980-1985, and more than twice as many JPA's were filed in 1985
as in 1980. The same study found that as many as one-quarter of all
patent applications in selected sectors, such as plant engineering, are
filed jointly. In steel, cable, heavy equipment, shipbuilding, and
automobiles, JPA's accounted for more than ten percent of all patents
filed in 1980-1982.10 That percentage has risen subsequently, as
Japanese firms, no longer able to simply take superior foreign
technology off the shelf, increasingly band together to push back
technological frontiers.
Collaborative research has become the defining feature of
Japanese research practice and the sine ua non for competitiveness in
many technology-intensive sectors. Indeed, cooperation is more common
in technologically innovative sectors than in other areas. Electronic
equipment manufacturers which account for most of the patent
applications in the machinery industry account for 80 percent of all
joint patent applications as well. Between 1974 and 1982, the share of
joint applications in published Japanese patents doubled in
electronics, and rose by 40 percent in industrial machinery.1 1 In high
tech "fine" ceramics, it increased by nearly 50 percent in the two-year
period 1980-1982.
The most striking feature of interfirm research cooperation in
Japan is its diversity. There is no modal pattern of Japanese
8 For a description of the full range of collaborative
practices in Japan, see Samuels (1987), from which this account is
drawn.
9 Key-Tec News (October 1986). Their definition of joint
research included collaboration with public laboratories,
universities, foreign firms and contract research. The highest
single category of such collaboration was with universities (82%).
10 See Kikai Sokuoshin Ky6kai Keizai Kenkyujo (ed.) (1985)
and Tsusanshb (ed.) (1987).
11 Tomiura (1985) p. 23. Note, however, that in electronics the
level is only 2 percent.
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7cooperative R&D. Even the most cursory examination of the
-characteristics of the participants, the nature of the research
conducted, or the institutional forms through which the venture is
organized reveals a plurality of outcomes. Consider, for example, the
question of the research agenda. Debate has raged ver what kind of
research (basic versus applied) is most amenable to interfirm
collaboration. The argument on behalf of basic research is two-fold.l2
First, basic research is essentially a "public good" -- firms will not
invest in it alone, since the results are almost impossible to withold
from non-investors. On the other hand, if all of concerned firms work
together, the "externality" is "internalized"; in other words, those
who benefit from the research are the same as those who pay for it.
The second argument is that firms are unlikely to cooperate on applied
research, since they fear the loss of valuable proprietary information.
Because basic research is further removed from the competitive dictates
of the marketplace, it is better-suited to cooperative undertakings.
The argument on behalf of cooperation in applied research is that
this is the only kind of research which interests firms. Companies are
in the business of making money, not winning Nobel Prizes; they are
unlikely to devote scarce resources and valued research personnel to
undertakings that are far removed from commercial applications.1 3 One
also finds some theorists trying to merge the two claims: research
should be conducted at an "intermediate" level, not so close to the
market that it incites misgivings over compromising proprietary
knowledge, not so far that firms are uninterested. 4 The evidence from
the Japanese case is mixed. A government survey found that 14 percent
of interfirm collaboration was directed at basic research, whereas
one-third involved applied research and more than half was devoted to
product development. While the share of joint basic research may
seem low, consider that there has been little basic research of any
kind in Japan (whether cooperative or by a single firm) until quite
recently. What is more, the incidence of cooperation in basic research
appears to be increasing, especially within government-sponsored
programs.
A certain amount of the debate about Japanese practice arises, no
doubt, from the fact that scholars are not always discussing the same
phenomenon. The forms of cooperative research are multiple. They run
the gamut from simple contracts between two private firms to elaborate
government-backed consortia. Applied research is typical of purely
private agreements, whereas government-backed initiatives tend to be
12 Kurokawa (1987).
13 Evidence in support of this view is provided in Doane
(1984).
14 Johnson (1972).
15 Rokuhara (1985) p. 40.
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8more oriented toward more generic basic research. Even this
generalization must be qualified, however. Government interest in
basic research is a relatively recent development. When Japanese
industry lagged behind world technological leaders, policy sought
primarily to promote the transfer and application of existing
technology, rather than the generation of new technology. These
priorities have shifted as Japanese business has reached the
technological forefront.
The distinction between purely private and publicly-sponsored
cooperation is not the only dimension along which joint research
varies. Each cooperative undertaking raises a host of questions: what
the research agenda will be; which participants will perform which
tasks; whether the research will be conducted cooperatively in a common
facility, or whether each firm will undertake its own research, with a
sharing of results. Government support further complicates the matter.
Public and private actors must negotiate how much money the firms will
contribute and how much will be covered by public coffers, as well as
who will have rights to resulting patents. As will be seen, there is
no single response to these and many other questions; arrangements vary
from case to case.
Like the forms of cooperative research, the nature of the
participants cannot be subsumed under any simple generalizations.
Most cooperative efforts involves straightforward agreements between
two private firms, but some bring together literally dozens of firms
under the aegis of public authorities.1 6 Nor is the public authority
always the same. MITI, the Ministry of Posts and Telecommunications
(MPT), the Science and Technology Agency (STA), and the Ministry of
Education, Science, and Culture (Mombusho) all direct research
consortia, as do a number of public and para-public agencies, most
notably the Nippon Telegraph and Telephone Corporation (NTT) and
various "public policy companies" (kokusaku gaisha) or "external
agencies" (gaikaku dantai). In some cases, a single ministry or agency
supervises a particular joint research project, but increasingly, the
responsibility is shared between two or more public authorities.
Many apparently common-sense assumptions about the kinds of firms
that would be likely to be interested in cooperative R&D are belied by
Japanese practice. For example, it is often argued that small firms
are most in need of collaborative ventures, since they lack the
resources to make substantial investments on their own. Indeed, the
goal of helping small firms was the primary motivation for the creation
of government-sponsored research consortia, the celebrated "Engineering
Research Associations" (ERA's), in the early-1960's. However, over
time, the ERA's have come to be dominated by Japan's industrial giants,
such as Hitachi, Mitsubishi, and NEC. Nationally, large firms engage
in joint research more frequently on average than small firms, perhaps
16 Wakasugi (1986) p. 152 reports that 86% of all interfirm
research involves a single partner.
9because their superior resources place them in a better position to
commercialize the results of joint efforts. On the other hand, if
large firms participate more frequently in oint research, the rate of
increase of this practice is greater among small firms. Between 1980
and 1982, the number of interfirm contracts for joint R&D increased by
60 percent among firms smaller than 10 billion yen, twice the increase
for firms larger than 10 billion yen.7
Another plausible but inaccurate assumption is that interfirm
alliances should be found primarily among members of the same keiretsu
(the large, integrated finance-centered groups, such as Mitsui and
Mitsubishi, which originated in the pre-war Japanese zaibatsu).
Members of a keiretsu are bound together by mutual equity holdings and
ties to a common financial institution, and they often give preference
to each other for investment or purchase decisions.1 8 They would,
therefore, seem to constitute natural reseach partners. Survey data,
however, tell a different tale. Most interfirm research is undertaken
by unrelated firms, especially in the most innovative sectors. Of
nearly 200,000 cases of joint patent applications by 29 different
firms, most were were among otherwise unrelated partners.1 9 To take
but one example, six of Nissan's 21 joint patent applications between
1980-1985 were filed with Toshiba, the electronics giant nominally
affiliated with Toyota in the Mitsui Group. By contrast, Toyota and
Toshiba did not collaborate on a single patent in that period.20 In
the late 1980's, one-half to four-fifths of all RC's among non-
competitors alone were among unaffiliated firms.2 1 Indeed, a MITI
study showed a corrolary development: firms within the same group have
begun to compete with each other for the technological high ground in
emerging areas such as bioengineering, new materials, and
electronics.2 2 While group-based research consortia remain important
in Japan, they are not the only collaborative game in town.
One common-sense assumption about participants in joint R&D does
17 Rokuhara (1985) p. 37.
18 See Gerlach (1989) for analysis of keiretsu linkages.
19 Kikai Sokuoshin Ky6kai Keizai Kenkyijo Ed. (1984) p. 21.
Indeed, the preface to this report notes that it was undertaken by the
discovery of three trends: 1) the extent to which "unaffiliated" firms
(kotonaru shihon keiretsu) were filing Joint patent applications, 2)
the extent to which competitors were doing so, and 3) the rapid
increase in joint patent applications overall.
20 Teraguchi (1985)
21 For a list of such group-based collaborative research
projects, see Keizaichosa Kyokai Ed. (1986).
22 Tsusansho, ed., (1987)
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hold true: the vast majority of joint research is conducted among non-
competing firms, rather than direct rivals. Fully four-fifths of
interfirm research collaboration in Japan is "vertical," involving
firms operating at different phases of the production process. Common
examples are "maker-user" combinations, such as steel firms and
automakers, or ceramics and semiconductor manufacturers. Nonetheless,
a significant minority of cases, one-fifth of all joint research in
Japan, are conducted by competitors. It is these "horizontal"
combinations that are the subject of our analysis. Why focus on what
is clearly a minority phenomenon? First, because cooperation among
competitors poses a puzzle for conventional economic theory. That a
firm should be willing to cooperate with a company producing for a
completely different market is not so surprising; that it would share
valuable technology with a direct rival, and that it would do
repeatedly and successfully, requires explanation.
But second, horizontal collaboration is of substantive, as well as
theoretical, significance. Although horizontal alliances account for
only one-fifth of Japanese research collaboration, their numbers have
increased and their forms have diversified. As we shall see, there has
been a startling acceleration in the creation of new institutions to
generate knowledge in Japan, and these new institutions uniformly
involve competing firms. Every legislative initiative regarding
technology policy in the 1980's has been directed at least in part at
stimulating interfirm research collaboration. It is not uncommon for
Japanese firms to participate in as many as several dozen such
consortia, dispatching their researchers as well as mailing their
checks to support the effort. Reliance upon such collaboration seems




The widespread and growing incidence of collaboration in R&D
among competing firms raises two fundamental questions. The first
concerns the economic significance of research consortia (RC's).23 Are
RC's efficient, productive means of generating technology? Does the
practice of coming together in research consortia have any impact on
the ability of Japanese firms to compete in international markets? The
second question concerns the functioning of RC's. How is cooperation
among competitors established and how is it maintained?
The responses suggested by existing analyses can be divided into
three broad categories. The first set of arguments derives from the
neo-classical tradition. Neo-classical theorists are skeptical of the
benefits of cooperation and, therefore, tend to emphasize the role of
side-payments (selective incentives, opportunities to compensate for
underdeveloped labor or capital markets, etc.), rather than the fruits
of the research itself, as the key inducements for firms to join R&D
consortia. A second line of explanation sees cooperation in R&D
arising from certain features of Japanese culture, such as a propensity
to work together in groups, a willingness to subsume individual
interests to the greater good, and an emphasis on consensual decision-
making. A third interpretation focuses on the imperatives of late
development. The "strong" developmentalist Japanese state, and in
particular MITI, is claimed to have used RC's to close the
technological gap between Japanese firms and the rest of the world.
While each of these explanations casts important insights on features
of Japanese practice, none provides a comprehensive understanding of
the mode of functioning and economic significance of RC's.
1. Neo-Classical Economic Theory: Cooperation as Trompe-l'Oeil
Neo-classical economic theory approaches interfirm cooperation
with great skepticism. The word "cooperation" does not even appear in
most mainstream economics textbooks. Instead, cooperation is subsumed
under the notions of "cartels" and "collusion," with all the attendant
negative connotations. Neo-classical theory views cooperation among
competitors as nefarious from both a collective and an individual
perspective. From the former perspective, cooperation distorts
markets, breeding inefficiencies, such as high prices, low production,
and retarded innovation. Fortunately, from an individual firm
perspective, cooperation is irrational and, therefore, tends to be
23 We use the term "research consortia" in this essay to refer
generically to a broad range of research ventures in which competing
firms participate, including cooperation in basic and applied research,




unsustainable in the long run. The exception, of course, occurs when a
central authority intervenes to orchestrate a cohesive cartel by
forcing the members to adhere to terms, often through misguided
industrial polcies or other efforts to regulate industry.
This skepticism concerning both the social utility and the
feasibility of cooperation between firms carries over to neo-
classical analysis of collaborative R&D. Again, cooperation is viewed
as both suboptimal from a societal perspective and irrational from a
firm perspective. For the firm, cooperation in R&D limits the
appropriation of innovative ideas, and shared benefits make investment
in invention less attractive. In addition, a company's investments in
cooperative research and development tie up scarce funds and personnel
and entail concessions and compromises with partners. More generally,
collaboration only dilutes a firm's own technology strategy.
Researchers serve too many masters. Too much time is spent on
coordination, too little on generating useful, appropriable knowledge.
In the broader economy, cooperation in R&D stifles competition,
thereby retarding technnological development. It precludes (or at
least severely limits) multiple paths to innovation that would, through
potentially multiple inventions, have the greatest economic benefit.
It also dulls the incentive to be creative since the technological
gains are shared. As in a price cartel, participants in a research
cartel tend to "free ride," that is, to try to reap the benefits of the
group effort while contributing as little as possible. Thus, the total
pool of innovative activity in the economy is reduced. Nor is
innovation the only output that is likely to be restricted.
Collaboration can easily "spill over" from the laboratory to the
factory, degenerating into a forum for market-rigging collusion.
Analysts in the neo-classical tradition offer two kinds of
explanation for the widespread incidence of cooperation between
Japanese firms in R&D. The first draws on the familiar image of
cartel-sustaining government intervention. Japanese firms do not want
to work with each other, and left to their own devices, they would
never do so. However, they join RC's because the government offers
various financial inducements: subsidized loans, research facilities,
tax breaks, etc. That the firms join the RC's does not mean that these
institutions have any productive significance. On the contrary,
analysts are quick to point out that the vast majority of a firm's
research is performed within its own labs, even in areas purportedly
covered by government-backed RC's. Noting that in Japanese practice,
RC's seldom involve truly joint facilities, neo-classical analysts
conclude that these consortia are essentially receptacles for
government subsidies; little common research actually takes place.24
The second kind of neo-classical explanation for Japanese
practice sees RC's as a means for the state and firms to compensate for
24 Heaton (1988); Wakasugi (1986).
·-·------- --------·-
13
underdeveloped and distorted market mechanisms.2 5 In this view,
research collaboration is merely an imperfect substitute for
effectively functioning capital and labor markets. In the case of
labor markets, the immobility of the technical work force is claimed to
constitute a major impediment to technological change. The Japanese
permanent employment system reduces opportunities for technology
transfer through labor mobility and profession-based communications.
Joint research overcomes this problem. Formal collaborative projects
substitute for the informal individual exchanges that take place in
professional associations elsewhere. This need is made more urgent by
the fact that firms, rather than graduate and professional schools,
train and retain the bulk of Japan's technical workforce. Hence the
limited cross-firm contacts that do exist, such as class reunions and
joint research projects, are cultivated to compensate for Japan's
comparatively underdeveloped professional labor market:
"If too much proprietary information diffuses
among firms and across national borders in the
American system, it is possible that, because of
permanent employment, too little information
diffuses across firms in the Japanese system .. .26
In the case of capital markets, neo-classical economists note the
low absolute levels of government and corporate contributions to
collaborative research projects. Yamamura and Saxonhouse point out
that investment capital does not flow perfectly competitively in
Japan's heavily regulated financial system. They suggest that
"signaling" or "targeting" sectors for collaboration based upon
extensive business-government discussion might be a neccessary
compensation for turgid capital flows. As Saxonhouse puts it:
"In Japan's heavily regulated financial system
where venture capital institutions are unimportant
and where the supply of capital is not fully
competitive, such resource allocation decisions can
be the function of a few, large financial
bureaucracies ...(leading in the absence of
industrial olicy to) suboptimal allocations of
resources. " 7
State-sponsored RC's offer one way for the government to signal
the strategic importance of a particular industry. It is arguably not
the level of government funding that matters, but the communication by
government planners to private investors and para-public financial
institutions that a specific research activity is of future importance
25 See Saxonhouse (1985); (1986); Yamamura (1984, 1986).
26 Saxonhouse (1985) p. 31.
27 Saxonhouse (1985) p.4 -5.
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for Japanese economy. In this event, it is the conferral of state
legitimacy, rather than the institutionalization of cooperation between
rival firms, that motivates RC formation.
Both variants of the "compensatory" argument can be questioned by
evidence from the Japanese case. First, Japanese labor markets are
today more fluid than ever. Interfirm labor mobility for technical
personnel seems to be increasing rapidly in Japan. While the minority
of scientists or engineers have worked for more than a single unrelated
firm, Japanese engineering and scientific personnel seem to be
experimenting with interfirm mobility at an unprecedented level.2 8
But even accepting that there is less labor mobility in Japan
than in the West, there is no necessary link between permanent
employment and research collaboration. Eagar observes that there are a
variety of well developed mechanisms for information exchange in Japan.
He suggests that Japanese professional societies provided "the glue
which holds Japanese universities, national laboratories, and
industries together and contributes not only to excellent communication
of new technology but also to considerable cooperative research." 2 9
Eto concurs. He argues that professional societies have played a
"decisive role" in shaping interfirm research agendas in Japan.3 0 Lynn
reports that Japanese engineers are more apt to attend a greater number
of professional mettings than are American engineers. His data
indicate that the Japanese attend far more professional meetings per
year than do Americans who are more likely to use these bodies as
clearinghouses for job information and professional contacts.3 1 This
suggests that there are many ways short of creating RC's by which
Japanese researchers and their firms might exchange technical
information and "cross-fertilize."
Similar objections can be raised against the "signaling"
28 See the activities and publications of the Nihon Recruit
Center, particularly Beruf, its magazine for engineers seeking new
positions. Also see Westney and Sakakibara (1985) for data on
techical workforce mobility.
29 Eagar (1986) p.3 3 says that this process includes debriefings in
which engineers who had been abroad report to the rest of the
membership, and prebriefings in which drafts of papers for
international conferences are circulated and critiqued before
presentation. See also Chapter Seven of Lynn and McKeown (1988) for a
comparison of the role of trade associations and collaborative
research in the US and Japan.
30 Eto (1984) p.19 3 -5 .
31 Preliminary data presented by Leonard Lynn at the 1987
annual meeting of thre American Association for the Advancement
of Science, February 16, 1987, Chicago.
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argument. First, it is unclear that there is a "deficiency" in
Japanese capital markets which requires compensation. Japanese firms
seem to deploy sufficient resources for research, and even for oint
research, when they are determined to do so. Indeed, the most striking
feature of the Japanese research spending is that private firms account
for four-fifths of all R&D spending, a ratio considerably higher than
in the US or any European nation. Moreover, one must also wonder why
such an elaborate mechanism as RC's is needed to provide a signal to
capital markets. Japanese bureaucrats have long employed a host of
measures, including direct subsidies, sponsored research, and targeted
indicative plans, to direct financial resources toward favored
industries.
Beyond specific empirical disputes, the neo-classical
interpretation of collaborative R&D suffers a broader limitation. The
underlying assumption behind the depiction of RC's as either
"receptacles" for government subsidies or means by which to compensate
for deficiencies in other areas is that the RC's serve no economic
function in and of themselves. They are, at best, irrelevant to an
individual firm's technology strategy and, at worst, quite damaging.
RC's exist for a variety of purposes, according to the neo-classical
analysis, but none of them have anything to do with their declared
objective: to help Japanese firms make technological advances quickly
and inexpensively.
This disparaging view of cooperative R&D encounters both
theoretical and empirical challenges. On a theoretical level, while
the potential misallocations of resources and limitations of
competitive forces attendant to interfirm cooperation should not be
taken lightly, no system is without costs. Privately conducted R&D
also entails important disadvantages both for firms and society.
Wasteful duplication is the hidden obverse of competition for
proprietary information. Firms can produce unnecessary as well as
better mousetraps. When there can be only one winner, there are often
a great many losers; these loses often entail considerable social and
financial costs. By contrast, cooperative R&D allows for a wider and
deeper distribution of technology, with all of the participants
receiving the fruits of the venture. As a result, much of the waste
associated with private R&D -- parallel development of essentially the
same product and subsequent reinvention due to patent protection --
might be avoided.
Cooperative R&D also carries its own creative force. Pooled
risks and economies of scale make it feasible for participating firms
to conduct projects which they would not initiate alone because of
large, up-front costs and distant and uncertain pay-offs. The realm of
technological exploration is thereby expanded beyond that of private
I II I_ _I_ _ I_ ___
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R&D.3 2 On a theoretical level, then, the neo-classical argument
against cooperation in R&D seems questionable. Both private and
cooperative R&D entail costs and benefits, whether from the perspective
of the individual firm or the economy as a whole. It is by no means
clear which approach is more efficient.
On an empirical level, the argument seems still more difficult to
sustain. Cooperative R&D has been ubiquitous in Japan's rapid rise in
a wide range of industries from a position of technological
backwardness to one of world leadership. Of course, it might be argued
that this technological progress was achieved despite cooperation in
R&D, rather than because of it. However, the burden of proof remains
with the proponents of such an argument. Little evidence to that
effect has been put forward by neo-classical theorists, and there is
much counterevidence. Consider, for example, the VLSI Project of the
late-1970's. Between 1976 and 1979, the VLSI Project is estimated to
have generated some 1000 patents. 33 To claim that no serious research
is conducted within RC's in the face of such figures strains the
limits of credulity.
The case of the computer industry also points to the significance
of the research conducted within RC's. The same six Japanese firms
have participated in virtually every computer hardware research
consortium since the mid-1960's. None of these firms have exited the
industry, nor has any outside firm entered. Even giant manufacturers
of consumer electronics, such as Matsushita and Sharp, have been unable
to gain a foothold in the Japanese computer industry. This stands in
striking contrast to the situation in the US and Europe, where the
industry has been in continuous flux. These circumstances suggest
that, contrary to neo-classical expectations, the RC's are of
32 This is a widely held belief among Japanese
industrialists, if not among American economists. Declares
Hitachi's Kuwahara Yutaka:
"We think government projects are significant because
there are many things for us to challenge in the future,
many that can be better done in a government project
than in a private one.... When profit decreases ... we,
in our [corporate] research lab, are pressured to cut
costs and to be more product-oriented. It is very
difficult to propose a future-oriented technology
because we will be asked, 'Is it necessary? How
profitable will the results be?' So we believe that
national projects are very important when they are
future oriented -- when they focus on very risky R&D
Quoted in Anchordoguy (1989), p.1 93.
33 Anchordoguy (1989), p. 178.
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considerable technological importance, permitting participants to
survive in a rapidly-evolving industry characterized elsewhere by high
rates of attrition and creating effective technical barriers to entry
to even the most powerful non-participants. 34
It is reasonable to conclude, then, that cooperative R&D
represents a viable -- and possibly a superior -- alternative to
private, competitive R&D. This is not to dismiss the neo-classical
model as irrelevant. On the contrary, neo-classical theory correctly
identifies the obstacles and risks associated with cooperation, such as
stifled innovation, market-rigging, free-riders, and the loss of
valuable proprietary information. That Japanese government and
industrial actors appear to have found solutions to these problems does
not mean that they do not matter. Rather, we need to explain how the
dangers associated with cooperation have been averted. What prevents
technical stagnation? To what extent do firms retain proprietary
information, by what means, and with what effect on cooperation? How
are potential free-riders kept in line? We must look for and describe
the mechanisms of Japanese cooperation that enable the participants to
avoid the very real difficulties that so preoccupy neo-classical
theorists.
2. Japanese Culture: Cooperation as a National Way of Life
A second body of literature sees cooperation between firms in R&D
as reflecting broader characteristics of Japanese society.
Cooperation is depicted as the modal form of social interaction in
Japan.35 R&D is but one instance among many in which Japanese
economic actors subordinate the pursuit of narrow self-interest to the
34 Ferguson (1988), Anchordoguy (1989).
35 Dore (1987), Nakane (1970), Vogel (1987). In his essay
on "Goodwill and the Spirit of Market Capitalism," Dore contrasts
cultural and neo-classical understandings of economic behavior.
The neo-classical intepretation is embodied in a celebrated
passage from Adam Smith's Wealth of Nations:
"It is not from the benevolence of the butcher, the brewer
and the baker, that we expect our dinner, but from their
regard to their own interest. We address ourselves, not to
their humanity, but to their self-love, and never talk to
them of our necessities but of their advantages." (p. 169)
Dore takes issue with the "sharp opposition between benevolence
and self-interest" characteristic of the neo-classical definition. He
argues that "goodwill," defined as, "the sentiments of friendship and
the sense of diffuse personal obligation which accrue between
individuals engaged in recurring contractual economic exchange," (p.
170) plays a central role in Japanese economic relations.
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long-term collective good. This pattern of behavior is deeply rooted
in Japanese history; it was visible as far back as the Tokugawa period
(1600-1868):
"The [prevailing] ideology [of the Tokugawa] had as
its core belief the importance of maintaining a
social order that would benefit society as a whole.
Issues of individual morality were subordinate."3 6
Japan's communitarian ethos was reinforced during the subsequent
Meiji Era (1868-1912). While modernizing the country economically,
Meiji oligarchs reinterpreted traditional social values, notably
consensus, obedience to authority, and cooperation. In addition, they
borrowed from abroad those institutions which would benefit the nation
as a whole, such as factories, banks, joint stock companies, and
military institutions, while deliberately suppressing such divisive
institutions and practices as labor unions, lawyers and individual
rights. 3 7
The Japanese penchant for consensus and cooperation has been
nurtured over the centuries not only by government policy, but by
social practice. The precariousness of everyday life led many
Japanese to turn to cooperation as a kind of informal insurance
scheme:
"It [cooperation] is a calculation, perhaps, which
comes naturally to a population which until
recently was predominantly living in tightly
nucleated hamlet communities in a land ravished by
earthquake and typhoon. Traditionally, you set to
... help your neighbour rebuild his house after a
fire, even though it might be two or three
generations before yours was burned down and your
grandson needed the help returned."3 8
Following the Second World War, the pressures of circumstance
again pushed the Japanese toward cooperation. A small, economically
backwards, resource-poor island, Japan's only hope to survive, let
alone flourish, lay in the ability of its citizens to work together.
Social practices and government policy have also contributed to
cooperation in the postwar era:
"Japanese work well together because they were
trained as children to enjoy the benefits of
36 Lodge (1987), p. 143.
37 Westney (1986).
38 Dore (1987), p. 181.
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cooperation, because the view persists that people
are subjects of the nation rather than citizens
with inalienable rights, because there are rewards
for those who cooperate and benefits are witheld
from those who do not, and because they believe
that the fate of everyone living on the Japanese
islands is closely bound together." 39
In this view, the legacy of Japanese history, geography, and
government policy is a set of economic norms and practices that differ
in almost every way from those prevalent within most western industrial
democracies. Where western economic actors are selfish, Japanese are
group-oriented and benevolent; where western firms focus on short-term
profits, Japanese have a longer time horizon; where western firms
impose decisions through sheer power, Japanese pursue consensus, or
even unanimity; where western economies have clear-cut winners and
losers, the Japanese spread systematically both the costs and benefits
of market competition; finally, where western employers, bankers,
workers, and government officials distrust and compete with one
another, their Japanese counterparts cooperate. It follows, then, that
cooperation between firms for the generation of knowledge derives from
a basic feature of Japanese culture. When confronted with a problem,
whatever it may be, the natural inclination for the Japanese is to try
to resolve it collaboratively:
"Information is more readily shared in Japan than
in most countries ... This is partly a function of
nationalism and a sense of the need to catch up.
It is also partly a reflection of the ... guild
tradition of competitor cooperation in industry
associations. "40
The interpretation of research collaboration as stemming from
fundamental features of Japanese culture encounters several
objections. First of all, it rests upon too general a
characterization of Japanese behavior. The existence of often-bitter
conflicts within Japan is well-documented.41 Employers have fought
with their workers, with government officials, and most of all with
each other. Efforts to order markets in a host of industries have
failed either because industrialists were unable to reach an agreement
or because agreements that were made were quickly broken. While Japan
may display less antagonistic relations among economic actors overall
than is the case in most western nations, conflict is far from non-
existent. Consequently, an explanation of cooperative behavior must
move beyond sweeping assumptions about national cultural
39 Vogel (1987), pp. 155-56.
40 Dore (1983) p.2 4.
41 Krauss, et al. eds. (1984); Samuels (1987).
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predispositions.
Turning to the case of joint research, we again find ample
evidence of non-cooperative behavior. As will be seen, MITI, MPT
(Ministry of Posts and Telecommunications), and MOF (Ministry of
Finance) have fought almost continuously over the objectives,
financing, and control of RC's. Initiatives put forward by one
ministry are often undercut or duplicated by another -- that is,
unless first gutted by the firms themselves. Contrary to their image
as selfless servants of the public good, Japanese industrialists tend
to be exceedingly distrustful of government intervention in what they
consider to be purely private matters. Put differently, they struggle
tirelessly to have the "public good" conform to their interests. What
is more, like their western counterparts, they are reticent to share
proprietary technologies with market rivals.
Here the neo-classicists are correct. The leading firm in a
particular sector frequently shuns joint research. Saxonhouse notes
that although all the major Japanese chemical firms participate in
government-funded collaborative research, they tend not to join
projects in their own areas of technological leadership. There is
evidence that this is true in other sectors as well. Showa Denko, for
example, refused to participate in a polymer conductivity research
association under the auspices of MITI's research arm, the Agency for
Industrial Science and Technology (AIST), choosing instead to proceed
with its own research on polymer batteries. Tanabe Phamaceuticals did
likewise in bioreactors, as did Hitachi in flexible manufacturing
systems. An effort by MITI to engage the cooperation of pharmaceutical
firms in a recent chemical technology project resulted in so many
refusals that AIST funds had to be assigned to each firm separately.42
Even when Japanese firms come together in a research consortium,
relations among participants may remain at arms'-length, once design
specifications are negotiated. Researchers from different companies
rarely work together on the same technical problem. Instead, each
participant company typically assumes responsibility for a specific
task. Research is performed independently in each firm's own labs,
with the patents then shared. This practice, referred to by Doane as
"separate but together," and as "distributed cooperation" by the
Japanese, suggests an exchange of roughly comparable, independently-
produced technologies, rather than genuine collaboration.4 3
42 The Showa Denko case is from Dore (1983). Saxonhouse (1985)
mentions Tanabe and bioreactors. The laser case is from Eagar (1986).
The chemical case is from Suzuki (1986).
43 Doane (1984). It is not insignificant that of the 1,000
patents that resulted from the VLSI research consortium, only 16
percent were filed jointly. See Fong (1987) p. 30. The phrase
"distibuted cooperation" (ky6db no naka no bunsan) was used by the




In short, a national propensity to cooperate cannot explain
Japanese practice in R&D. As our case studies will demonstrate, the
extent of goodwill in the Japanese political economy Japan is bounded.
Despite the outward appearance of cooperation and consensus, RC's are
characterized by conflict and distrust up and down the line: from the '
initiation of a project, to the creation of a research consortium, to
the conducting of research. To the extent that these projects are
successful, they involve less "organic" cooperation among rival firms
than a cultural model would posit, even if they achieve more
substantive and indeed strategic cooperation than the neo-classical
model would allow.
3. Late Development: Cooperation as a Passing Phase
A third approach depicts cooperation in R&D in terms of the
imperatives of late development. Backwards nations seeking to
industrialize confront a number of handicaps: noncompetitive
industries, a shortage of skilled labor, a dearth of advanced
technology, and underdeveloped capital markets with large and lumpy
capital requirements. Late development theorists argue that under
these circumstances, economic development will not arise naturally.
Rather, a set of institutions must be established to overcome the
handicaps of backwardness: investment banks willing to make long-term
loans to fledgling industrial clients (typically, on condition that
they be allowed substantial say in the running of the company); labor
market institutions to promote the training and retention of labor by
firms (lifetime employment guarantees, seniority-based promotion,
extensive corporate welfare benefits); and most important, a strong
state to protect infant industries, channel resources from consumption
to investment, and order markets to assure profitability.
This "developmental state" has been depicted as the dominant
January 1989.
44 ershenkron (1963); Dore (1983). This analysis shares much i
common with Marxist theories of the state. The state for this group o
theorists, including Poulantzas and O'Connor, acts as the custodian of
the interests of capital. It will often push individual firms to
transcend their narrow preoccupations for the good of the capitalist
class as a whole. If cooperation is necessary to the healthy
functioning of the capitalist system, then the state can be exected to
intervene to promote it. Indeed, it must do so to preserve
capitalism. The late development model, while similarly focused upon
the strategic role of the state, is less overdetermined.
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institutional actor in Japanese economic history. 4 5 Since the
consolidation of power by the Meiji oligarchs after 1868, the Japanese
state has possessed both the will and the capacity to promote rapid
industrialization. Bureaucratic elites, from the samurai of the late-
nineteenth and early-twentieth centuries to MITI in the postwar era,
have made national economic development the overriding priority.
Toward this goal, they have deployed a vast array of policy tools:
protectionism, subsidies, fiscal and financial incentives, import
licenses, and the list goes on.
In the postwar era, MITI had essentially rewritten the theory of
comparative advantage. Classical economic theory dictated that Japan,
with its cheap and abundant labor, specialize in low-tech, labor-
intensive industries, such as textiles. However, believing
comparative advantage to be something that is created rather than
given by nature, MITI refused to adhere to this logic. Instead, it
promoted the kinds of industries that would provide Japan the
foundation of a great industrial power: steel, chemicals,
automobiles, electronics. Through deft manipulation of the policy
tools described above, MITI was able to transform Japan in less than
half a century from technological laggard to arguably the world's
foremost economic power.
The actions of the Japanese state, as depicted by the late
development literature, are (perhaps ironically) entirely consistent
with neo-Marxist analysis. The state, acting as the custodian of the
interests of Japanese capital, has made possible a level of capitalist
development which individual capitalists would have been unable to
achieve on their own. What is more, the policies to promote
development reflect a clear class bias. The state has taxed peasants
and workers, so as to be able to afford subsidies and financial
incentives for businessmen. Protectionism raises prices to consumers
(in other words, to workers), so that producers (businessmen) can be
induced to invest.
As for the narrower question of cooperative R&D, late development
theory depicts RC's as a state-led response to Japan's technological
backwardness.4 6 For much of the postwar period, many Japanese firms
could not afford to make the kind of enormous investments in R&D needed
to compete with foreign, especially American, rivals. This
technological lag represented a significant barrier to entry for
Japanese firms in a range of industries: computers, electronics,
machinery, etc. Despite the stunning success of exceptional cases such
as Sony and Matsushita, the pure play of market forces would have long
delayed or perhaps even excluded Japanese players from some strategic
45 Most recently by Zysman and Tyson (1989); Earlier by Lockwood,
ed. (1965) and Johnson (1982); See Samuels (1987) for a critique.
46 This argument is widely articulated. See, for example, OECD
(1965), Sigurdson (1986), Doane (1984), and Sakakura (1984), and
Okimoto (forthcoming).
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industries. Fortunately for Japan, MITI officials identified the
problem and invoked collaborative research as a solution. As we shall
see below, RC's formed an integral part of MITI's developmentalist
strategy -- a complement to the various subsidies, incentives, and
protectionist measures described above. RC's were designed to "level
up" the nation's technology base, that is, to bring all Japanese firms
in a given industry up to world standards of technology as quickly and
inexpensively as possible. Since Japan lagged far behind in most
areas, the work conducted within the RC's largely involved diffusing
and adapting foreign technologies, rather than independently generating
Japanese technologies. Once Japanese industry caught up, the
presumption is that the need for special institutional arrangements
would diminish and RC's would become less widespread.
While presenting a compelling account for the motivations which
could lead MITI to promote such consortia, the late development
interpretation suffers two important limitations. First, the late
development interpretation rests on a monolithic depiction of
government-business relations in Japan: business is weak and divided,
whereas the state possesses a coherent development strategy and the
power to implement it. However, as noted by Samuels elsewhere, the
Japanese state is neither as powerful nor as unitary an actor as
portrayed in the late-development literature.4 7 Even this perfunctory
review of Japanese research collaboration will reveal a vast gap
between the image and the reality of MITI's ability to influence
economic developments.
The second broad weakness of the late development literature is
its assumption that Japanese practices can be reduced to the
undifferentiated and nearly functional imperatives of late
development. Even if the literature correctly identifies a basic
objective confronting Japanese policymakers -- promoting the transfer
of foreign technologies to domestic firms -- the choice of means for
realizing this goal is far from self evident. RC's represent but one
way of promoting the transfer and diffusion of technology. A host of
alternative methods have been employed in other countries. These range
from "military Keynesianism" (US, 'France), to state-owned "national
champions" (most of Western'Europe);, to outright subsidies
(everywhere), to university-industry alliances and government support
for "centers of excellence" (Ui, US), to the encouragement of
technology transfer through direct foreign investment (Sweden). That
Japanese business and government opted for RC's, rather than a broader
combination of the alternative approaches requires explanation.
Even if it were conceded that collaborative research represents an
optimal approach to technological catch-up and that Japan's strategy
derives purely from the imperatives of late development, the late
development interpretation would remain problematic. Upon inspection,




dimensions. Some are successful; some are not. Some are directed by
MITI; others by competing ministries. Some are funded entirely by the
government; others are wholly private. Some are purely domestic;
others take the form of international "strategic alliances." The
imperatives of late development and the initiatives of a strong state
cannot account for this diversity of experiences across different
research consortia.
A final problem with the depiction of RC's as a response to the
imperatives of late development is that these institutions have
persisted well beyond the phase of Japanese technological backwardness
and have changed considerably in form and function. If RC's
corresponded simply to a particular phase of Japanese
industrialization, then presumably, they should have receded into the
background as Japan's economy matured. Indeed, this appeared to be
what was happening from 1966 to 1970, when no new MITI-sponsored
(collaborative) Engineering Research Associations were formed.
However, despite the fact that Japanese industry was less in need of
state protection or subsidies, despite the fact that many companies
possessed ample resources to conduct their own research (corporate
research budgets grew approximately 25 percent annually during this
period), and despite the fact that large numbers of Japanese firms had
reached the cutting edge of their industry, where breakthroughs might
be expected to translate to global monopoly rents, these institutions
did not disappear from the Japanese scene. On the contrary, they have
flourished during the past fifteen years.
Consider, for example, the changes in the Engineering Research
Associations. During the early-1970's, the average number of
participants shrank, while average firm size grew. More important, the
orientation of the projects shifted. Having reached the technological
forefront and therefore no longer confronting an abundance of available
foreign technologies ripe for the harvest, Japanese interfirm
collaboration was redirected toward the generation of indigenous
technologies. In addition to the ERA's, nearly a dozen less-publicized
programs were created to foster interfirm research collaboration among
competing firms. Both government and private industry increased and
transformed their commitments substantially. What is more, the
collaborative research model began to be articulated at regional and
prefectural levels for the first time.4 8
4. Conclusion
Each of the interpretations of the Japanese political economy
considered in this section points to important, and sometimes
different, features of cooperative R&D. However, none provides a
comprehensive understanding of Japanese practice. The neo-classical
interpretation emphasizes the problems associated with cooperation,
48 Teramoto and Kanda (1984).
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both from a firm-level and a societal perspective. Cooperation is
difficult to create and to sustain because firms are reluctant to share
proprietary information with their competitors. This is true in Japan,
as anywhere else, and is perhaps the reason for two characteristics of
Japanese research consortia: 1) the projects are structured to
preserve the proprietary interests of the participating firms; 2) firms
are generally unwilling to join research consortia without substantial
government inducements.
But the neo-classical approach depicts such inducements as a kind
of market-distorting, or at best compensatory, government
intervention. The assumption underpinning neo-classical readings of
cooperative R&D is that this practice has no intrinsic worth.
Research consortia offer a means of extracting government subsidies or
of overcoming rigidities in capital or labor markets, but not of
conducting R&D cheaply and efficiently. Such a disdainful
interpretation seems difficult to sustain in the face of the evident
technical progress made at relatively low cost by assorted research
consortia, and by the eagerness with which both state and private
interests embrace new mechanisms for interfirm R&D.
The cultural interpretation emphasizes a fact frequently
overlooked by neo-classical theorists: that Japanese economic actors
are likely to have different motivations and preferences than economic
actors in other countries. Japan is an island nation, long isolated
from the rest of the world, racially homogeneous, with a distinct
language and culture. Given this distinct history, it is not
surprising to find among the Japanese a strong sense of nationalism, of
shared situation, of a need to cooperate in order to protect "us"
against "them." Nor is it surprising that this outlook has affected
the behavior of political and economic actors.
However, the claim that Japanese actors have a greater sense of
the national interest and perhaps a greater willingness to work
together falls short of a comprehensive explanation of collaborative
practices. Models of consensual, harmonious, cooperative Japanese
practices do not permit the fully nuanced interpretation we are
seeking. They fail to account for the recurrent conflict and concern
for the preservation of proprietary information which pervade Japanese
research consortia. In short, economic nationalism is important, but
it is not enough.
The late development approach presents a number of advantages
over the others. Like the neo-classical interpretation, it maintains
that cooperative arrangements do not tend to arise naturally, but
rather require some kind of institutional backing; it emphasizes the
importance of government policy. It differs however, in depicting the
outcome in positive terms, arguing that research consortia are not
simply market distortions or compensation for other forms of market
failure. Rather, they represent an efficient, effective means of
technical diffusion promoted by the Japanese state in response to the
imperatives of late development.
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The late development model offers an important corrective to the
cultural interpretation as well. Japanese nationalism and a
propensity to cooperate, while arising to a certain extent from
Japanese history and culture, also reflect the imperatives of late
development. Until quite recently, Japan's economic backwardness
meant that in most industries, the key competitive threat was posed not
by domestic rivals, but by foreign rivals. This no doubt enhanced the
possibilities for cooperation among domestic firms. The Japanese
state, believing that cooperation offered the most cost-effective way
for closing the technological gap with the West, capitalized on this
possibility by casting its considerable might behind research
consortia.
But like the other interpretations, the late development approach
is problematic. It attributes too much power to the strong Japanese
state and is, therefore, confounded by the many instances of private
sector refusal to go along with MITI initiatives. Perhaps this is
because it understates the multiple cleavages within the Japanese state
itself. The late development approach also lapses into reductionism.
It depicts cooperative research in terms of the imperatives of
capitalist development, while ignoring the fact that other means could
have been employed to close the technological gap between Japan and the
West. We need an explanation for why this strategy was chosen over
others. We also need an understanding of the persistence of research
consortia -- indeed, of their proliferation -- in areas in which
Japanese industry has achieved parity or even superiority with
worldwide best practice.
A comprehensive interpretation of Japanese research collaboration
requires an understanding not only of the pressures of the
international economic environment and state strategies for national
development, but of the ways in which these pressures intersect with
domestic institutions and historical legacies. In the next section, we
seek to build upon the insights reviewed above to elaborate such an
interpretation, before applying it in the following section to the
cases of the Japanese telecommunications, aviation, and computer
industries.
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IV. EXPLAINING RESEARCH COLLABORATION IN JAPAN:
TOWARD A SYNTHETIC APPROACH
Each of the approaches reviewed above offers insights into
specific features of cooperative RD. And yet, each seems to provide
only a partial understanding of Japanese practice. What is more,
beyond the specific criticisms suggested in the previous section, these
approaches all share a common limitation: they all tend to neglect
historical contingency in economic and institutional development.
In contrast to the approaches considered to this point, our
explanation of joint R&D is centered around the historical development
of multiple Japanese institutions and their interactions. It builds
upon insights derived from several variants of the approaches reviewed
above, specifically Friedrich List's mercantilism, Robert Axelrod's
rational choice model, and Joseph Schumpeter's theory of innovation.
In this section we will use these ideas to explore the institutions and
the historical development of Japanese research collaboration.
1. The State and the Purpose of Collaborative Institutions:
Friedrich List
The first of these insights is provided by the late development
literature, specifically the reply to neo-classical economics by the
nineteenth-century German mercantilist, Friedrich List. A number of
historical factors have shaped Japanese practice in R&D, of which late
development is arguably the most important. Japan's response to
economic backwardness is best described (and was perhaps influenced by)
the writings of List who argued, against Ricardo, that comparative
advantage is not bequeathed by God and nature, but can be created:
... in any nation already advanced in agriculture
and civilisation, by means of moderate protection,
its infant manufactures, however defective and dear
their productions at first may be, can by
practice, experience, and international
competition readily attain ability to equal in
every respect the older productions of their
foreign competitors.4 9
The case for protectionism rests upon two distinctions: that
between static efficiency and dynamic efficiency and that between
values and productive powers.5 0 Creating comparative advantage
49 List (1922), p.3 2.
50 The former distinction is also made by Schumpeter (1950).
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requires a nation to "sacrifice some present advantages in order to
insure to itself future ones." 51 In the short-term, protection is
undoubtedly less efficient than free competition because the protected
goods are more costly. In the long term, however, the price paid for
protecting the infant industry might well prove to be worthwhile. The
reason, in List's view, is that the costs of protection are not of the
same nature as the benefits.
In the short term, protection costs the nation "values," that is,
wealth. In return, however, through the development of a competitive
domestic industry, the nation increases its "productive powers," that
is, its potential to create wealth. In List's mind, there is no
question but that the latter is far more valuable than the former:
"... the forces of production are the tree on which wealth grows, and
... the tree which bears the fruit is of greater value than the fruit
itself."52 The powers of production, not aggregate wealth, constitute
the measure of a nation's economic well-being: "The prosperity of a
nation is not ... greater in the proportion in which it has amassed
more wealth (i.e. values of exchange), but in the proportion in which
it has more developed its powers of production."5
List proposes a three-stage evolution of trade policy as a nation
develops. Initially, a backwards or "barbarous" nation benefits from
free trade, which exposes its people to new ideas and products,
encourages them to develop their own powers of production, and
instills new habits of industry and commerce.5 4 However, once
traditional society has been shaken up and social and political customs
somewhat modernized, development cannot proceed without protection
against more advanced rivals. A hiatus from international competition
is, therefore, required. Nonetheless, tariffs should be relatively
light and of limited duration. Once the nation becomes industrialized,
it must return to free trade. Otherwise, it will slip back into
indolence and inefficiency.
Japan's developmentalist strategy has been oriented by the
principles described by List: a willingness to sacrifice present
consumption for future production and a valuing of dynamic efficiency
over static efficiency. There are numerous examples of Japanese
industrial planners who are willing to forego short-term benefits in
order to ensure long term gains. Cooperation, both in research and
product markets, under a national banner (hi no maru) has long been
51 List (1922), p. 117.
52 List (1922), p. 37. This metaphor presages the Japanese use
of trees to characterize the "roots to fruits" logic of technology
development for national security. See Samuels and Whipple (1989).
53 List (1922), p. 117.
54 List (1922) p.90.
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abetted by quiescent consumers and encouraged by the Japanese state.5 5
In the case of the former, it was not until the late 1980's that
Japanese consumers began to reap the benefits of lower priced foreign
products -- often imported from Japanese subsidiaries. In the case of
the latter, national policy companies and government procurement have
long been blind to cost and price where long-term technological
advantage was in sight. One example is the Japanese licensed
production of the F-15 fighter aircraft. It was undertaken
collaboratively by several Japanese firms and it cost twice as much as
an imported model, but the learning was thought considerable enough to
warrant the spending. List anticipates this sort of technological
calculus, and informs our view of how to interpret Japanese practice.
List also helps us anticipate how the economic development that
derives from this practice begets institutional change. He notes that
when firms reach world-class levels of productivity and quality, they
no longer need protection from foreign competition. What is more, they
are confronted by foreign industrial powers who insist that the late-
developer stop free-riding and open its markets. In this way, economic
development makes other institutional arrangements less practicable or
salient. Let us review briefly how Japanese government support for
research consortia has followed this logic.
Japanese state support for industry began with industrialization
itself. In Japan's forced march to industrialization in the late-
nineteenth century, the Japanese state assumed the "commanding heights"
of the economy through direct state ownership of the most of the new
factories. The Japanese state produced steel, coal, and cement; it was
responsible for the communications and transportation infrastructure as
well. The sale of these assets (at a substantial loss during a time of
fiscal crisis in the 1870's) led directly to the creation of the
zaibatsu, the world's largest and most concentrated financial and
manufacturing trusts. Thereafter, and until the second decade of this
century, procurement contracts were the modal form of state support for
these firms. Technology was imported, often with state support.
The first support for domestic industrial science and technology
was the "Invention Implementation" subsidy program introduced in 1918
by the forerunner of the Science and Technology Agency to facilitate
the commercialization of inventions. The promotion of collaborative
research was at best an externality of efforts by the Ministry of
Commerce and Industry (MCI - MITI's forerunner) to cartelize heavy
industry after 1931 under the terms of the "Important Industry Control
Law."5 6 The institutional manifestation of this law was the "national
policy companies" (kokUsaku gaisha)-- half public and half private
firms organized to promote collective research and production. They
were formed to develop synthetic fuels, to improve steel-making
55 Samuels (forthcoming).
56 See Johnson (1982) for details.
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technology, and to rationalize production and avoid "excessive
competition." In the process, they served generally to enhance the
technological base of Japan's largest, most technology intensive
manufacturing industries. Dividends to these private partners,
virtually always representing the largest and most technologically
advanced firms, routinely were guaranteed by the state, since private
firms refused to cooperate otherwise. Although MITI is frequently
credited with valuing the vitality of the private sector, we shall see
how this "national policy company model" remained a first choice in a
variety of joint research promotion efforts well into the postwar
period. In fact, the public policy company model disappeared only
after private firms succeeded in eviscerating state controls entirely.
Public policy companies gave way to "success conditional loans"
(k4kfgve ijutsu shiken kenky hojokin) as the modal form of support
for collaborative research in the early postwar period.5 7 Such loans,
which require repayment only if the supported project is successful,
were first instituted during the 1930's. Even then, this form of
research support was often directed at collaborative projects. The
amount to be repaid was based upon profitability levels, but profits
could be deferred or reinvested during the repayment period.
Consequently, these loans are best understood as little different from
direct subsidies. By 1955, government loans comprised more than
one-third of all private firm spending on research in Japan. At that
point, firms began to invest their own funds in proprietary research,
and the government's conditional loan program was redirected to support
collaborative research. In 1955, less than 10 percent of all
conditional loans supported collaborative R&D; by 1963, this had
increased to 41 percent.
Today, the Engineering Research Association (ERA) administered by
MITI (often through the good offices of the relevant industry
association) is the most common instrument for government-supported
interfirm collaborative research. ERA's account for six percent of all
joint research conducted among Japanese firms.5 8 Most collaborative
research that involves five or more firms is organized as a research
association. ERA's are established as non-profit legal entities for
specific projects. Ordinarily, funding is shared between private firms
57 A complete review of Japanese state support for research would
include the following additional categories: 1) consignment funds, 2)
consigned research, 3) researcher exchange support, 4) use of
facilities, 5) consultation, and 6) scholarships in addition to the
subsidies and loans that comprise the bulk of such support.
58 Suzuki (1986). This figure seems low because, as reported
above, most interfirm research collaboration in Japan is undertaken by
private agreement between two firms. Once the number of firms
increases, however, so does reliance upon government funding and the
ERA formula in particular. Moreover, as we shall see below, many new
institutions have been created to augment the ERA.
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and the government, although participating firms can enjoy significant
tax and other benefits from ERA membership even if there are no
government financial transfers. Once the specified business of an
association is completed, it is either dissolved or its by-laws are
ammended to redirect the members firms toward a new project. Research
associations have the same legal status as trade associations. They
account for less than two percent of total Japanese R&D spending, but
for nearly fifty percent of government R&D subsidies, and are
understood as a critical stimulus for significant private research
spending.5 9
Like many Japanese institutions, the ERA was borrowed from
abroad.6 0 Dr. Masao Sugimoto, Director of MITI's Mechanical
Engineering Laboratory (Kikai Shikenjo) in the late 1950's, was
impressed by a British system of cooperative research associations that
had been created after WWI out of concern that Britain was losing its
technological leadership.6 1 Of particular interest to Sugimoto (and to
the Japan Auto Parts Industry Association that lobbied for new public
research initiatives) was the support provided by the British
government through ERA's to small- and medium-sized firms. These were
precisely the firms thought to be most in need of technological
assistance in Japan as well. The first research associations were ad
hoc, subsidized by Sugimoto's lab and supervised by the Japan Auto
Parts Industry Association. Not one of the 47 firms that participated
in the first four ERA's in filters, suspensions, radiators, engine
parts had research facilities of its own. The lab and the industry
association collaborated to provide central facilities for the
collection of data and for shared equipment.
The ERA system was legally established in 1961 under the Research
Association for the Promotion of Mining and Industrial Technology Act
(K6gy6 Gijutsu Kenkyi Kumiai H6). Small- and medium-sized firms
remained the primary target and the purpose was applied rather than
basic research. Between 1961-1965, twelve ERA's were established and
their sectoral composition began to broaden. Their average life was
nearly fifteen years. None were created between 1965-1970. This
period marked a watershed in the history of the ERA's. With Japanese
industry reaching world-class levels of technology, it was uncertain
59 Wakasugi (1986) p.1 5 7.
60 Westney (forthcoming) is a comprehensive study of foreign
organizational borrowing. This account is from Sigurdson (1986).
61 Sugimoto had worked for Hitachi before WWII. He returned to
Hitachi in 1964 after a distinguished career at MITI and after serving
as the Director of the Science and Technology Agency. Sigurdson (1982)
and (1986) is a more complete account of the history of Engineering
Research Associations in Japan. See K6gy6 Gijutsuin ed., (1985a) for
compete details on the legal, financial, and administrative regulations
guiding the operation of Japanese ERA's.
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whether ERA's would be needed any longer. However, the hiatus of the
late 1960's turned out to be but a pause; it was followed by an ERA
"boom." Fifty-nine research associations were established between 1971
and 1983 (twenty-five between 1981-1983 alone), representing fields as
diverse as polymers, aircraft jet engines, microelectronics, fine
ceramics, and biotechnology.6 2 Average membership and the average size
of member firms both grew as Japan's largest firms began to participate
in earnest. The smallest among the 30 firms that had participated in
five or more ERA's by 1983 had sales of more than 200 billion yen. The
average sales of these most active participants was nearly one trillion
yen.
TABLE ONE
PARTICIPATION BY LARGE FIRMS IN ENGINEERING RESEARCH ASSOCIATIONS
1987
(NUMBERS OF PROJECTS)
Nippon Steel 6 Toray 6
NKK 9 Teijin 5
Asahi Kasei 9 Kobe Steel 15
Sumitomo Metals 4 Kurare 5
NEC 11 Fujitsu 6
Hitachi 18 Toshiba 16
Mitsubishi Electric 14
Kawasaki Heavy Industries 9
Ishikawajima Harima Heavy Industries 15
Mitsubishi Heavy Industries 16
Source: Kodama (1987).
ERA's are established for specific research topics on a temporary
basis. At the end of 1985, 52 of the 79 ERA's established under the
1961 law were still operating, but both their raison d'etre and the
nature of their participants has now been transformed. Small- and
medium-sized firms still participate in ERA's (136 firms belong to only
one association), but seven firms are active in ten or more, and 30
firms account for nearly one-third of the memberships. The aims of
ERA's had also changed, as Sigurdson points out:
"Engineering Research Association objectives have
shifted from generating specific technical results to
62 See Appendix for a full list.
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that of broadly influencing certain industries or a
whole industrial sector. " 6
This shift has been abetted by MITI policy encouraging the use of
ERA's for broadly-based "national projects" in such areas as"
microelectronics, materials science, and biotechnology. 6 4 ERA's have
become a high priority, with government support doubling between 1977
and 1982 alone. Most ERA's are involved in basic research, although
several, such as the super high performance computer and VLSI projects,
have been directed at the development of products for the
marketplace.65
The evidence on research productivity, at least as measured by
patent applications, is mixed. Wakasugi found that on average Japanese
firms spend 16 million yen per patent, while ERA's varied from 47
million to 6 billion yen. He notes, however, that patent applications
may not capture fully the benefits of ERA membership. First, firms may
apply from their home labs for patents derived from the collaborative
project.66 Thus, the system of "distributed collaboration" described
above cannot ensure that ERA's get the full credit they deserve.
Second, one patent often serves a half dozen or more firms, so that the
cost per patent pe fim is lower and is a more accurate representation
of the ERA's productivity.
In addition to the ERA, there are several other important
institutional foci for MITI-supervised joint research. Informal
collaborative institutions, known as "forums" and "centers," have grown
in popularity in recent years.6 7 They often precede the formation of
an ERA. By contrast, the public corporation has declined.
Administrative reform and fiscal austerity during the past decade have
made the creation of these off-line "public policy'companies" more
63 Sigurdson (1986) p.1 0 .
64 Fourteen firms joined the MITI Biotechnology Research
Association in late 1986. Twenty joined the Bioreactor Research
Association.
65 See Yamamura (1984) for details on basic research and Sigurdson
(1986) Doane (1984), and Sakakibara (1983)'for details on joint
development of products for the market.
66 Wakasugi (1986) p.1 6 3.
67 See Tsusansho, ed. (1987) p.31 for a list that includes:
Powdered Materials Center Fine Ceramics Forum
New Materials Center Bio-Industry Forum
New Glass Forum New Diamond Forum
Artificial Intelligence Center
New Chemical Development Association
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difficult. Nevertheless, several of the most important "national
projects" involving collaborative research among firms with public
support are organized this way. One is the New Energy and Industrial
Technology Development Organization (New NEDO), directed equally by
MITI officials and by senior private sector leaders; another is the
Institute for New Generation Computer Technology (ICOT), administrative
home for the well-publicized Fifth Generation Computer Project.
Another alternative to the Research Association is the research
cartel invoked under the Structurally Depressed Industry Law. Here
firms in a designated sector are encouraged to collaborate in order to
qualify for specially earmarked research funds as part of the
government's overall effort to rationalize industry structure.6 8 In
1983, a new system, the Industrial Activation echnology Research and
Development Law (Sangy6 Kasseika Gijutsu Kenkyu Kaihatsu Hojokin) was
established to support joint R&D exclusively. Loans cannot be
distributed to single firms or individuals. The "conditions" attached
to repayment remain purposely underspecified: despite the concerns of
the Finance Ministry, "success conditional loans" (hojokin) remain
popular with both the recipient firms and MITI. Participants
invariably understate the value of research collaboration to avoid
being dunned for repayment.6 9 In all, more than a dozen administrative
initiatives from six different central ministries were promulgated in
the past fifteen years to promote collaborative research, including the
dissemination of technology from government to private laboratories as
well as the promotion of interfirm research. Two of the most important
among these initiates are the International Aircraft Development Fund
and the Japan Key Technology Center, to be reviewed in detail below.
The institutional transformations are clear: collaborative
research has become the modal pattern of state support for research in
Japan. In the late 1980's, four-fifths of all Japanese government
loans (about one-fifth of the research budget for MITI's AIST
laboratories plus an equal sum from the Japan Development Bank) are
extended to joint projects. In 1987, these loans were pegged at 6.8
percent, and up to 15 years were allowed for repayment. The ratio of
government loans to government subsidies is actually greater than unity
when the special accounts budgets are included.70 Since firms must be
68 See Johnson (1979) for an overview of the public corporation
in Japan. Samuels (1981) details the New Energy Development
Organization. Feigenbaum and McCorduck (1983) and Strauss (1986)
provide details on ICOT and the Fifth Generation Project. See Young
(1985) for more on this law and Samuels (1983) for more on the research
cartel in aluminum.
69 Interviews: Senior Vice president for Research and
Development, Tokyo, June 1987; MITI official June 1987.
70 Suzuki (1986) offers a systematic review of public funding for
joint research in Japan.
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members of designated non-profit research consortia to qualify for
these conditional loans, it is clear that the Japanese government
subsidy system is disproportionately generous to joint research
projects. By definition, collaborative projects are in the "public in-
terest," hence they receive priority in budgeting.
FIGURE ONE ABOUT HERE
JAPANESE RESEARCH PROMOTION POLICY PROGRAMS:
A HISTORICAL OVERVIEW
- I L C~~~~~~`'- 1111 . " -
Thus, the Japanese government does not merely encourage firms to
do oint research; it ays them to do it. 71 These direct and indirect
payments are justified by the MITI estimate that a successful product
developed with government support will generate ten times that amount
in tax revenues. This seems a handy rationalization, particularly
given MITI's relative disinterest in forcing repayment of "success
conditional loans.",72
The tax system in Japan provides further incentives for oint
research. The most explicit tax benefit for collaborative research
allows firms to depreciate capital equipment used in joint projects by
a full 100 percent in the first year of a project, using a process
euphemistically known as "compressed records" (asshukU kich4). Each
research consortium may own its own equipment nominally valued at one
yen, and fixed property taxes for oint research ventures are reduced
to 75 percent after three years. Membership fees for joint research
ventures are treated as "losses" for tax purpotes, and all registration
and licensing taxes are forgiven.7 3
Public support for collaborative research does not stop with
subsidies, grants, and tax benefits. It also includes research in
national laboratories, which frequently involves researchers from
private firms. In 1986, two new programs were introduced to enhance
cooperation between MITI's Agency for Industrial Science and Technology
(AIST) laboratories and neighboring private firms. A total of almost
500 million yen was set aside to provide these firms access to AIST
equipment and to introduce commercial themes into government
71 This point is Spalding's (1985).
72 See Sakakura (1984) for these arguments from MITI's perspective.
73 These tax benefits are outlined in K4gyg Gijutsu Volume 27,
Number 4 (1986). See also Wakasugi (1986) p.159.
FIGURe ONE
JAPANESE RESEARCH PROMOTION POLICY PROGRAMS
A. IlISTORICAL OVERVIEW
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laboratories. 74 Individual AIST laboratories had already initiated
these activities. MITI's Electrotechnical Laboratory (ETL), for
example, supports a small number of (usually corporate) research
internships each year under the aegis of its "Cooperative "Research
Program." More important, however, are the "Technical Guidance
Internships" funded by private firms for collaborative reseach done at
ETL. In 1984, there were 140 such visitors, mostly Japanese corporate
researchers, who were working at ETL for one to three years.7 5 The use
of public facilities is often as important as the use of public funds
or the deferral of public taxes in stimulating research collaboration
in Japan. In 1988, NEDO (described above) was expanded to incorporate'
industrial technology and to facilitate collaborative research.
List anticipates both the economic nationalism embedded in the
Japanese technology process as well as the flexibility that its
institutions display as they adapt to the changing exingencies of
catch-up and, later, leadership. Indeed, past strategies of Japanese
economic development have carried over or been readapted to meet
current exigencies. When confronted with the problem of technological
catch-up, economic actors fell back on a familiar method: the
government socialized risks, so as to encourage private actors to
pursue the socially desirable course of action. Past choices continued
to constrain present strategies as Japanese industry moved from
replicating and diffusing foreign technologies to creating its own
technologies during the early-1970's. The consortia were readapted to
meet new needs.
A typical research consortium today is very different from one
twenty-five years ago. It tends to incorporate a small number of large
firms, as well as a large number of small-and medium-sized firms. It
is more likely than ever to combine unaffiliated firms, as well as
competitors. It is engaged in basic research, rather than applied
research. And it seeks to generate new technologies, to confer a
competitive advantage on Japanese industry vis-a-vis foreign rivals,
rather than to help Japan catch up. It may have state equity as well
as subsidy and finance capital. It may even be configured to invite
foreign participation, as in the case of the International
Superconductivity Technology Center created in 1987.76 Yet, despite
these changes, the basic logic and organizational principles of the
74 The AIST is the research arm of MITI. It supervises sixteen
national laboratories in a variety of applied fields, including the
Electrotechnical Laboratory, the Mechanical Engineering Laboratory, The
Fermentation Research Institute, and the National Chemical Laboratory
for Industry. For details on these programs see K6gy6 Gijutsu Volume
27 Number 4 (1986). For an overview of the AIST laboratories, see
Anderson (1984).
75 Strauss (1986) p. 75.
76 Robyn, Dorothy, et. al (1988-9).
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consortia continue as before: the government subsidizes private firms
to work together to devise solutions to their common technical
problems. As Japan's economic development needs shifted, research
consortia, the institutions of collaborative research, were not
supplanted, but reconfigured and readapted to meet these new needs.
This stability of function, if not of form is related to a second
feature of Japanese research collaboration, the stability of the
partners. Just as the successful use of joint research ventures for
technology replication and diffusion predisposed actors toward this
approach for technology creation, it also predisposed actors toward
further collaboration with each other. This aspect of research
collaboration moves us away from a focus on the role of the state,
economic nationalism, and the logic of late development; it is best
explored by rational choice theory, a variant of the neo-classical
model.
2. Rational Choice and the Process of Creating Institutions for
Collaborative Research: Robert Axelrod
We believe that the stability of the players, both public and
private, is a central factor in the ability of Japanese firms to
achieve cooperation. Game theory models the problem of cooperation
among rivals as a so-called "prisoners' dilemma." In the prisoners'
dilemma, two players are better off if they both cooperate with each
other than if they both "defect" (cheat). However, each player taken
individually receives a higher payoff from defecting than from
cooperating, regardless of what the other player does. Consequently,
self-interested actors will always defect and, as a result, both
players will fare worse than they would have if they had cooperated.
Robert Axelrod proposes a simple, yet persuasive "solution" to the
prisoners' dilemma.77 He argues that cooperation can become rational
in a context of iterated interaction. This is because players might be
willing to forego the opportunity to achieve a higher payoff in the
short term through cheating if they know that defection will hurt them
in the long run by reducing chances for future cooperation. A series
of plays allows for contingent behavior, that is, each player's
cooperation can be made contingent on the prior good behavior of its
partners. As a result, according to Axelrod, unless future payoffs are
discounted heavily, a strategy of contingent cooperation (tit for tat)
will fare better than any other strategy. In other words, rational
utility-maximizers will find it in their interests to cooperate
voluntarily.
An analogous argument can be made if the players interact in a
variety of ways, as opposed to over time. In this case, the reason for
not defecting is not the fear that defection will endanger future
77 Axelrod (1984).
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cooperation, but that it will endanger cooperation in other areas. The
basic argument is the same in either case: mutual dependence, the
concern for other cooperative ventures, makes players cooperate, even
at the expense of a short-term pay-off from defecting.
In short, cooperation is sustainable in the absence of a central
authority provided that two conditions are met. First, players must
interact over a long period and/or in many areas, and second, they must
not discount future gains too heavily. If these conditions are met,
Axelrod anticipates that a strategy of contingent cooperation
(tit-for-tat) will emerge.
Clearly, the Japanese case meets the first condition. The most
striking aspect of Japanese industrial structure and political
institutions is their stability. As noted above, integrated, finance-
centered keiretsu groups and industry centered conglomerates dominate
the research landscape. In addition, as noted above in the cases of
steel, computers, and other sectors, the same firms commonly
collaborate with one another in several consortia at the same time and
have worked together in past consortia as well.7 8 Participants should
know that if they act in bad faith during the current venture, they
will jeopardize future ventures. Defection will not go unpunished.
Wakasugi calls membership in Japanese research consortia "effectively
perpetual" and adds that:
"...they have an intimate knowledge of each other's research
and development strategies, technological levels, and even
know the faces of each other's research and development
personnel. These companies expect to take part in future
cooperative research and development projects, and it is not
in their long term interest to try to get a free ride on one
project and thereby jeopordize their chances of participating
in the future." 7 9
Moreover, information about defection and free riders is easily
transmitted through active and influential industry associations in
Japan. These industry associations are used routinely as "conduits for
government assistance to develop or use new technology, and conduct
collaborative research." Indeed, Lynn and McKeown add that "in Japan
the trade associations often organize and dominate (collaborative
78 Respondents to one survey suggested that it took as long as
five to ten years of collaboration before mutual benefits would become
apparent. They attributed this to the five years it took them to
establish sufficient mutual trust and confidence in their partner. See
Kikai...Kenkyujo (1984) p. 94.
79 Wakasugi (1987), p. 51.
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research projects)." 8 0 As we shall illustrate through our case studies
below, industry associations are forums for collaboration and "know-how
trading" of all sorts among stable partners.8 1 Japanese industry and
its "oligopoly politics" thus would seem to offer an ideal context for
the kind of self-policing cooperation that rational choice theory
anticipates.82
The Japanese case also meets the second condition identified by
Axelrod: limited discounting of future benefits. Cooperative R&D is a
very future-oriented strategy. In the short term, the logical approach
would be to simply buy the technology, or even the finished product,
from abroad. However, as we have also noted above in the cases of the
F-15 fighter and optical fiber research, the Japanese are perfectly
willing to spend today to derive technological (hence economic) benefit
tommorrow. Kurokawa (1987) finds that information sharing is greatest
among heavy industrial firms in steel, shipbuilding, construction, and
other oligopolized industries. His explanation, based on interview
data, emphasizes their perception that major shifts in relative market
shares are unlikely. In Japanese economic practice, "today" and
"tommorrow" are not measured in days, but in years and sometimes
decades. Thus, these gains must not be discounted very heavily.
Japanese institutions and practice seem to correspond very closely
to the minimum conditions for voluntary cooperation. The players have
ample opportunity to punish defectors, making it unwise to try to
cheat, and they do not discount future gains very heavily, so that the
potential gains from cooperation can easily outweigh short-term
sacrifices.
However, two problems remain. First, for all its stability,
Japanese industry has seen new entrants and innovation has come from
small firms in some sectors. In the case of numerically controlled
machine tools, for example, small, rural manufacturers became global
competitors without the assistance of either the state of the
zaibatsu.8 3 Unpredictability reduces the value of future benefits; it
therefore increases the temptation to maximize current returns by
80 Lynn and McKeown (1987) p. 141,166. They note that the Japan
Iron and Steel Federation established five technology committees as
early as 1925 for collaborative research.
81 Dore (1983) p.24 speaks of this in the context of "the guild
tradition of competitor cooperation." Yamamura (1984) sees the
industry associations as the critical link between the firms and MITI
in the selection of participants for national projects. The term
"know-how trading" is a specific form of interfirm information transfer
that is explored and formalized in Von Hippel (1988).
82 This term is from Samuels (1987).
83 Friedman (1988).
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cheating rather than holding out for the uncertain furture gains of
cooperation. Cheating has been characteristic of many of Japan's
efforts to consolidate and cartelize industries in both the pre- and
postwar periods. 84
Second, and more important, Japanese industry coexists with a
central authority which rewards cooperative behavior and occasionally
punishes defection. These factors limit the applicability of Axelrod's
analysis, particularly since absent a central authority, the prospects
are dramatically lowered for interfirm collaboration, even given the
extraordinarily propitious institutional features that Japan offers.
The available evidence is clear that interfirm research collaboration
rarely occurs without public backing, suggesting that Axelrod
underestimates the difficulties inherent to self-policing
cooperation.8 5 Nonetheless, while the oligopolistic structure of
Japanese industry is insufficient to generate interfirm cooperation by
itself, it clearly facilitates such cooperation in the context of
active state support. Indeed, an appreciation of how this "central
authority" is itself a combination of divided, competing interests
suggests a new, and perhaps unintended utility for the rational choice
model. To explore this, let us "unbundle" the Japanese state and
consider the process by which research consortia are established in
Japan.
The process by which interfirm horizontal research collaboration
becomes an object of public policy in Japan is not well understood.
Far more attention is paid to a project after it is announced and after
a technology is "targeted" for collaborative development than is paid
to the consultative process that creates it. In the beginning, this
process is always very informal and is seldom well documented. Often
an industry association initiates discussions; less frequently, govern-
ment officials take the lead.8 6
84 See Samuels 91987) for examples from the oil, coal, and
electric power industries.
85 For an excellent critique of Axelrod, see Joanne Gowa,
"Anarchy, egoism, and third images: The Evolution of Cooperation and
Industrial Relations," International Organization, Vol. 4 No. 1, Winter
1986, pp. 167-86.
86 Pepper, et. al. (1985) p.2 20 sketch the process by which
R&D consortia are created in Japan and describe the creation of the
Biotechnology Research Association and its origins in an industry
"roundtable" (kondankai). Doane (1984) argues that with the exception
of NTT's procurement-based collaborative development programs, most
joint research in Japan is "industry initiated." (p.159). Yamamura
(1986) stresses MITI's "open leadership" of joint research projects.
See also the accounts by Dore (1983), who emphasizes the role of junior
officials, and an excellent report by the US Congressional office of
Technology Assessment (1983). We believe that debates about whether
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Most accounts stress three distinctive features about cooperative
research. The first, noted above, is the extraordinary time and effort
invested in front-end planning and consultation. This investment,
apparently repaid, is facilitated by the oligopolistic structure of
Japanese markets and by the interdependence of state and market
actors. Public officials need not concern themselves with assessing
the commercial prospects for a technology they have agreed to champion,
because they can be confident that these choices were derived from
industrial deliberations. Likewise, available evidence indicates that
the private actors also take considerable responsibility for
negotiating their respective burdens and responsibilities in these
RC's. There is no set formula, according to Wakasugi:
"The assessed costs for participating firms may be
allocated on an equal basis or may be allocated
unequally, based upon total sales. But it is
decided by negotiation and there is no precise
standard for distributing these costs." 7
The second feature is the way in which these deliberations result
in public support to facilitate rather than to direct industrial
research.8 8 State juridisdiction over RC's cannot be equated with
state control, and this appears to be a good thing for the Japanese
economy. By most accounts, the most visible failures of collaborative
research are those imposed upon participants.89 An understanding of
the delicate process whereby industry and government officials
undertake RC's requires moving away from simple notions of the state
giving orders to business or vice versa. Typically, neither side
dominates the other; instead, differences are resolved through a series
of bargains and compromises. What is more, to speak of "industry" or
"the state" is an illusion masking important divisions within each
camp. The iterative game modeled by Axelrod finds multiple players on
both the public and private sides. We, therefore, propose that "the
state" be considered not as a single actor, but as a collection of
actors.
This raises the third, and we think most important, point
concerning this process as an iterative game. Collaborative research
has significance for bureaucratic politics as well as for economic
this process is industry or government-initiated obscure a more complex
reality.
87 Wakasugi (1986) p. 158.
88 See Alic (1986) for a balanced appraisal of this point.
89 Dore (1983) p.2 2 makes this important point. See also Doane
(1984) and Anchordoguy (1989) for an examination of the relationship
between failed projects and intrusive public officials.
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competitiveness. Jadan's ministries and aeenciesare enaaeed in
iterative ames with each other as'wellas with industry. Most
accounts of economic policymaking limit their analysis on the
government side to MITI, and MITI no' doubt is a'key player. MITI's
role is best characterized in three ways. First, it acts as heer-
leader vis-a-vis the Finance'Ministry and the ruling Liberal Democratic
Party for industrial research funds. Firms that want'additional
resources need MITI to make their case. Second, MITI is a champion
vis-a-vis the Fair Trade Commission and the courts. Collaborative
research is an area requiring MITI's special attention because
exemptions from antitrust laws must be obtained for the participating
firms. Third, MITI is a coordinator of industrial (and now
increasingly more basic) research. Its "national projects" uniformly
require the neutral, credible, and authoritative forum that only the
economic and industrial policy bureaucracy can provide.
The problem, of course, is that MITI is not the only Japanese
government agency with an interest in cheerleading, championing, or
coordinating industrial research. Its jurisdiction in particular
markets is challenged more often by competing agencies than by private
firms. Japanese public administration is vertically fragmented, and
this "sectional centralism" (tatewari gyisei) inhibits coordinated
public policy. Indeed, interagency competition is blamed commonly for
stimulating considerable duplication and overlapping policy. Mutually
insular ministries vie for the "policy high ground" no less in the area
of research policy than elsewhere.9 0 Indeed, in the same way that new
technology spills across the traditional boundaries of academic
departments and business sectors, technology is no longer definable
within the traditional administrative Jurisdictions of established
ministries. It is common, therefore, for several ministries to
introduce collaborative research programs in the same area nearly
simultaneously. This was true for biotechnology, biochemistry, space,
and, as we shall see below, it was true for telecommunications as
well.9 1
The Ministry of Posts and Telecommunications (MPT) is one of
MITI's staunchest rivals. It enjoyed extraordinary powers as the
prewar Ministry of Communications (Teishinsh6) that supervised posts,
maritime shipping, railroads, civil aviation, and Japan's only
90 For a review of tatewari gyosei in Japanese public
administration, see Samuels (1983) and Reed (1985).
91 In 1986, the Ministry of Agriculture Forestry and Fisheries was
supervising three separate research associations in biotechnology
involving and average of 25 private firms. At the same time, MITI
supervised four such associations, with an average membership of 16
firms. The Science and Technology'Agency and the Ministry of health
and Welfare were also preparing to establish research consortia in this
general area.
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experiment with a national electric utility.9 2 MITI (then the Ministry
of Munitions) began encroaching on these powers during the war,
capturing the responsibility for electric power and aviation policy
that it still enjoys today. MPT's industrial policymaking powers were
further limited by Occupation reforms establishing NTT as a public
monopoly, institutionally distinct (and administratively distant) from
the parent ministry. Even if reduced in power, MPT's responsibility
for administering Postal Savings and for nominally supervising NTT
throughout most of the postwar period make MPT an important player in
the bureaucratic politics of telecommunications and research
policymaking.
NTT conducts basic research in three laboratories that together
comprise its Electrical Communications Laboratory (ECL), one of the
most prestigious research institutes in Japan. Like the Bell Labs of
AT&T, three times its size, the ECL is engaged in a wide variety of
telecommunications research, including optical communications, digital
switching, large-scale integration, and integrated information
systems. And like Bell Labs (before divestiture) ECL long served a
single, monopolistic master.
This is the most important distinguishing characteristic of the
MPT/NTT research system. Unlike MITI, but very much like the US
Department of Defense, NTT can procure products developed to its own
specifications. It has no production facilities, but provides a final
market for the products conceived in its labs. While MITI benefits in-
directly (through the maintenance of a stable and growing Japanese
economy) from supporting industrial research, NTT is actually an
extensive (and until recently monopolistic) market for its client
firms. Products are developed by a stable "family" of contract
suppliers that have long enjoyed special benefits from this special
relationship. Whereas MITI subsidizes research before it is
undertaken, NTT pays its contractor/family members only after their
goals are reached. These firms -- NEC, Fujitsu, Oki Electric, and
Hitachi -- therefore find additional incentives for collaborative
research and development activities.
A second distinguishing characteristic of NTT-funded collaborative
research is the "value added" NTT provides to these firms. NTT not
only procures their products, but engages directly in the basic
research that makes these products possible. This research often
involves family members, but as we have seen in the case of
MITI-sponsored research, even NTT "family" members prefer to work
separately. Firms do not approach NTT to propose a project. NTT
initiates projects that will meet its product needs, and chooses
participants accordingly. Once chosen, however, the benefits of
research collaboration can be great. NTT may prefer to support
parallel, competing paths to the same product, but guarantees that when
one of its family members succeeds, the others are provided the
See Samuels (1987) Chapter Four.92
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technology for its manufacture. The best example of this process was
the case of the facimile machine, developed in the ECL.93
MPT and NTT are not the only competitors of MITI in the area of
collaborative research and development. MITI's ambitions in basic
research and the promotion of research collaboration encroach upon the
jurisdiction of the Ministry of Education, Science, and Culture
(Mombusho), which supervises most of Japan's scientific research. In
addition to direct responsibility for the scientific research conducted
in Japan's prestigious national universities, Mombush6 supervises the
research activities at ten national research institutes, six of which
are engaged in basic scientific research, and all of which are
encouraged to stimulate collaboration.
There is little collaboration in Japan between university-based
researchers and non-academics. Only four percent of firms responding
to a government survey reported that they sponsored research or engaged
in collaborative research with Japanese universities. Another study
found that university scientists participate in only very limited ways
in the government-supported cooperative R&D programs.94 Collaboration
is limited for a number of reasons. The first is the rule of
"non-additionality," by which grants from goverment ministries other
than Mombush6 automatically reduce Mombush6 support by the same
amount. The second problem is structural. It is widely believed that
the insular research groups of the science and engineering faculties of
Japan's leading universities inhibit the interaction with industry and
other research institutes. These "chairs" (koza) are remnants of
Germanic borrowing that government and industry both hope the
universities will discard. Third, many argue that the low level of
industry-sponsored research at leading Japanese universities is derived
from the antipathy of Japanese scientists toward applied research and
toward industry in particular.
Nonetheless, there have been significant changes. In 1973,
Mombush6, concerned with the lack of effective coordination in Japanese
basic research, established its National Inter-University Research
Institutes (NIURI) to centralize these activities and to promote joint
93 This is based upon Doane's (1984) account of the organi-
zation and management of NTT research. See her analysis of the DIPS
case in particular. There is also limited evidence that other Japanese
government agencies require firms awarded procurement contracts to
subcontract portions of the award to their competitors. See the case
of the National Space Development Agency (NASDA) and the No. 1 Earth
Resources Satellite contract awarded to Mitsubishi Electric. NASDA
requested that Mitsubishi Electric "use those parts in which Nippon
Electric and Toshiba are strong." (Nihon Keizai Shimbun, December 18,
1985).
94 Rokuhara (1985) p.38-9; Inose, Nishikawa, and Uenohara (1982)
p. 5 5.
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research in the basic sciences. Funds were made available for
collaboration across government research institutes, while also
allowing industry participation.9 5 In 1986, legislation was introduced
to further facilitate cooperation between government and university re-
searchers and industry. Several impediments to collaboration, such as
the 50 percent reduction in pension allowances for visiting
researchers and restrictive patent ownership regulations, were
removed. The government has turned a blind eye toward violations of
restrictions on consulting by researchers at national universities,
and it has become common for academics to receive loans of equipment
and utilize corporate research facilities. Reports indicate that such
arrangements have often been an important source of basic research for
major industrial projects. 96 Thus, despite the prevailing view that
university research is isolated from industry and despite the
hand-wringing of Japanese industry and university professors about
their lack of interaction, there is evidence that their collaboration
is both important and increasing. In 1988 Mombusho made a dramatic
break with the past (and exacerbated frictions with MITI) when it
encouraged corporate endowments of university chairs at the University
of Tokyo's new Research Center in Advanced Science and Technology
(RCAST).
MITI's final major nemesis is the Science and Technology Agency
(STA). The STA was established in the mid-1950's to coordinate
government research and to assume jurisdiction in areas not already
controlled by other ministries. The problem is that the other
ministries refuse to acknowledge the existence of any such areas.
Bureaucratic rivalries with MITI over nuclear power and with Mombush6
over space technology have become permanent parts of the STA environ-
ment. The formal division of labor with MITI is broadly defined by the
distinction between basic and applied research, with MITI assuming
responsibility for the latter, and STA for the former. However, in
Japan as elsewhere, this distinction has neither been easy to identify
nor to enforce. The STA has always been frustrated by Mombush6's
"natural rights" to university-based research and by MITI's claim to
suzerainty over industrial research. It has been difficult for the STA
to "coordinate" what it does not actually control.
As noted above, MITI authored and Diet passed the enabling
legislation for ERA's in 1961. The STA responded that same year with
the Japan Research and Development Corporation (JDRC), a special public
corporation under its supervision. The objective of this new entity
was to transfer the results of government research to private industry
and to promote commercial development of government-funded basic
research. This has often involved the provision of
"success-conditional loans" from the STA to private firms. Likewise,
95 Eto (1984); Abe, et al. (1982); Anderson (1984) p. 89-101.
96 Doane (1984) p.127; Inose, Nishikawa, and Uenohara (1982);
Anderson (1984).
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in apparent response to the 1981 "Next Generation" MITI initiative, the
STA's Institute of Physical and Chemical Research (RIKEN) launched its
own "Frontier Research" program in 1986. Frontier projects focus on
fifteen-year basic research in biological and materials sciences and
are designed to attract foreign researchers. 9 7
Like the other government agencies mentioned above, the STA has
taken initiatives to promote joint research and better collaboration
between industry, national laboratories, and the universities. In
1981, the STA, through the JDRC, established the Exploratory Research
for Advanced Technology Organization (ERATO) as its own instrument to
promote basic collaborative research. ERATO's mission, to engage and
combine the expertise of researchers from firms, universities, and
government labs, is limited to small groups for five-year projects. No
bricks and mortar funding is available, and as the JRDC has no
facilities of its own, research is conducted in rented space, across
nearly three dozen geographicaly dispersed company and university
labs. ERATO stresses individuals over organizations. Indeed, ERATO
selects scientists for their creativity, youth (they must be under 35),
and (often) foreign research experience. Many are seconded from
private firms. By the late 1980's, ERATO projects had produced more
than 500 professional papers and (despite being limited to basic
research) several hundred patent applications. Patent rights are
shared equally by the JRDC and the inventor.9 8
The challenges to MITI from other public agencies are financial as
well as jurisdictional. In addition to rival ministries seeking to
wrest control of certain projects, MITI confronts the objections of
MOF, which wages a constant battle to limit public outlays for
privately-conducted research. MOF views MITI as profligate and
overambitious. It inevitably tries to scale down MITI's proposals or
to increase private financial contributions. This has been especially
true under the austere budgetary climate of the 1980's. Budget-making
imposes a significant degree of discipline on joint research in Japan.
On balance, it seems that the centrifugal forces of bureaucratic
politics that encourage and sustain multiple projects are somewhat
offset by the centripetal forces of centralized budgetmaking requiring
comparative evaluations of projects and annual justification by public
champions. Checks and reviews of joint R&D projects are conducted
annually, and are measured against current progress and final
objectives. The accompanying documentation is striking in its scope
and detail.
The most important challenge to MITI comes from private industry,
97 Note that this project is not to be confused with the "Human
Frontier Science Program," an initiative in the biological sciences
undertaken by MITI in 1987 with the support of the Prime Minister.




typically from the concerned industry association. It may be that, as
the cultural and late development approaches suggest, Japanese
industrialists have more of a sense of long-term developmentalist
objectives, as opposed to short-term profitability, than their western
counterparts, and are somewhat more favorably disposed toward
cooperative ventures.9 9 Nonetheless, MITI's and industry's objectives
differ along a number of dimensions. The basic tension stems from the
fact that private industry seeks to receive goverment subsidies with as
few strings attached as possible. The ideal for industry would be to
receive public funds without having to modify its research agenda at
all. MITI, by contrast, seeks to attach as many conditions to public
subsidies as possible. The ideal for MITI would be to use government
monies to induce private actors to pursue purely public objectives,
i.e. national economic development. This fundamental divergence over
objectives leads to a number of disagreements. MITI tends to favor
government support for basic research, with at best distant commercial
applications, since this is where private actors are most likely to be
deficient. Private firms, although agreeing in principle with MITI's
analysis, invariably seek to modify MITI's projects so as to receive
funding for immediately commercializable research. MITI and industry
also disagree over the desirable amount of technology diffusion. MITI
promotes extensive collaboration and information-sharing between firms,
with the goal of raising the technological level of all Japanese
producers. By contrast, individual firms strive to limit cooperation.
They seek to preserve proprietary information and to gain a technical
edge on all rivals, both foreign and domestic.
Finally, there is the LDP, the most stable player of all. Among
the several "dominant parties" in the industrial democracies, the
ruling conservative party of Japan-- in power continuously since 1955--
is the best integrated into the bureaucratic and industrial apparatus.
One-third of elected LDP representatives in the Diet are former
bureaucrats, and a great many derive the largest part of their
financial support from the industrial and banking firms that are the
focus of this essay. By virtue of its longevity, moreover, the LDP
has developed expertise independent of the bureaucracy; this expertise
serves it well as it must mediate conflicts within and across public
and private spheres.
Over the years, very much as Axelrod would predict, a set of
practices have been worked out which have proven to be acceptable to
both MITI and private industry. Japanese firms pool their resources
within research consortia, but for the most part not through direct
collaboration. Rather, the division of labor within research consortia
invokes "distributed cooperation" as the operating norm. Collaborative
99 Kodama (1988) disagress vigorously. He argues that
"foreigners may see these consortia as venues for the Japanese to
pursue their (tendencies) of harmony, but in fact, they are the result
of economic rationality." (p.12).
__ ______I__I__IY_UIYIBW-VX- 11-_ 
·1_-111_-1·1
48
research is typically multiple and parallel. A reasonable metaphor for
this is a "hive," in which many participants work separately for a
common product. Until very recently, firms rarely came together under
the auspices of a publicly funded project to work side by side in a
common laboratory on a daily basis. Instead, tasks are finely divided,
and frequently two or more firms are expected to explore different
experimental paths to the same goal.10 0
In line with MITI objectives, "distributed cooperation" leads
firms to pool resources and avoid wasteful duplication. At the same
time, this practice also offers benefits to the firms, permitting them
to retain a certain amount of proprietary knowledge. Furthermore, it
helps assuage participants' fears of being victimized by free-riders.
Since technologies are generated independently, it is very difficult
for a participant to do nothing while hiding behind the efforts of its
partners. Free-riders are easily identified.
The many inter-institutional conflicts and compromises mean that -
- contrary to both the cultural and the late development
interpretations of Japanese economic policy -- MITI's developmentalist
outlook is but one factor in the ultimate policy outcome. Each
research consortium is preceded by a prolonged process of conflict and
negotiation. Typically, MITI launches the process -- at its own
initiative or at the behest of private industry -- by proposing a joint
research venture in a particular area. Almost immediately, a host of
criticisms are lodged. Private industry decries the project as
technologically unfeasible and too far removed from the market.
Excluded firms demand entry. MOF declares that it cannot be financed,
given current budget constraints. Rival ministries complain that MITI
is encroaching on their terrain, and often counter with a proposal of
their own.
The main lines of cleavage are two-fold: between one ministry and
another and between government and industry. In the former category,
one finds battles over who will direct the venture (MITI v. MPT v. NTT
v. STA) and over how much will be spent by the government (MITI v.
MOF). In the latter category are conflicts over the nature of the
research to be conducted (basic v. applied), over control of resulting
patents, and over relative financial contributions of government and
industry. The outcomes of these struggles are neither consistent nor
predetermined. Sometimes, compromises are reached; often, they are
not, as the many instances of duplicate ministry-sponsored projects
indicate. The organizing principles, jurisdictional boundaries, and
modes of financing are very flexible and vary tremendously across
cases.
100 Doane (1984) p.1 4 0 and Nagao (1985) p.9 provide details about
divisions of labor for the Super High Speed Computer Project, PIPs, and
Fontac. Dore (1983) notes that some research consortia organize
competitions among subgroups of members pursuing alternative solutions
to a common problem.
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While the institutional picture in Japan is far more complex than
the late development or cultural interpretations suggest, one also
finds an important element of stability. Japan is not a pluralist
paradise. On the contrary, one of the most striking features of
Japanese research consortia is the relative stability of the
participants, both public and private. For any given industry, MITI
competes for jurisdiction with one or perhaps two other ministries.
Often, some kind of modus vivendi is reached -- for example, MITI takes
responsibility for one area of research within the computer industry
and NTT for another -- with the result that each research consortium is
placed under the supervision of a single agency.
On the private side, the participants are also predictable.
Typically, collaboration is undertaken under the auspices of one of the
thousands of industry associations that exist in Japan. The bulk of
joint research is conducted by large, diversified industrial firms and
groups centered around giant financial institutions. These firms
participate in approximately 90 percent of the ERA's and lead virtually
every one of the collaborative projects organized by Japan's industry
associations. In extreme cases, such as the computer and aviation
industries, the same four or five firms have been involved in virtually
every single research consortium during the past 25 years!
3. Technological Innovation and the Meaning of Research
Collaboration: Joseph Schumpeter
No account of innovation can ignore the contributions of Joseph
Schumpeter, whose ideas have dominated our understanding of economic
change for decades. Schumpeter's understanding of innovation
encompasses two broad claims: 1) an argument as to the centrality of
innovation in capitalist competition; 2) a theory of how innovation
comes about. Schumpeter views innovation and its attendant "creative
destruction" as "the essential fact about capitalism." 10 1 He chides
neo-classical economics for paying insufficient attention to the role
of innovation in the capitalist economy, an ommission he likens to
"Hamlet without the Danish prince." 1 0 2 In Schumpeter's mind,
innovation is both the driving force and the necessary consequence of
capitalism:
"The fundamental impulse that sets and keeps the capitalist
engine in motion comes from the new consumers' goods, the new
methods of production, the new markets, the new forms of
industrial organization that capitalist enterprise itself
101 Schumpeter (1950), p. 83
102 Schumpeter (1950), p. 86.
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creates. 1 03
Schumpeter depicts innovation as the central weapon in a firm's
competitive arsenal. By contrast, competition on the basis of price,
the feature emphasized by neo-classical economics, is claimed to be of
marginal significance:
"Economists are at long last emerging from the stage in
which price competition was all they saw.... in capitalist
reality as distinguished from its textbook picture, it is not
that kind of competition which counts but the competition
from the new commodity, the new technology, the new source of
supply, the new type of organization ... competition which
commands a decisive cost or quality advantage and which
strikes not at the margins of the profits and the outputs of
the existing firms but at their foundations and their very
lives. This kind of competition is ... so much more
important that it becomes a matter of comparative
indifference whether competition in the ordinary sense
functions more or less promptly ... 104
In addition to arguing for the centrality of innovation in
capitalist development, Schumpeter seeks to explain how innovation
comes about. His explanation emphasizes neither processes nor
government policies, but rather social actors. Specifically,
Schumpeter attributes innovative activity to two kinds of economic
actors: the entrepreneur and the monopolist. By "entrepreneur," he
means any individual who carries out any kind of revolutionary economic
transformation -- whether that person be a small businessman, a member
of the board of directors of a giant corporation, or a professional
manager. Nonetheless, while there is a certain ambiguity in
Schumpeter's work, the emphasis is strongly on the role of willful,
independent pioneers, who found their own companies outside (and in
opposition to) the established industries.
Schumpeter enumerates a number of obstacles to the kind of
revolutionary innovations that foster economic development. These
include: 1) lack of information, uncertainty concerning the correct
course of action; 2) a high risk of failure; 3) the psychological
trauma associated with breaking with secure routines; 4) the difficulty
of obtaining large-scale financing for an unproven enterprise; 5) the
reaction of the social environment against one who wishes to do
something new (legal and political impediments, social pressures and
threats against those who institute disruptive innovations).
Schumpeter believes that it takes a special kind of individual to
surmount these obstacles: "The facts alluded to create a boundary
beyond which the majority of people do not function promptly by
103 Schumpeter (1950), p. 83.
104 Schumpeter (1950), pp. 84-85.
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themselves and require help from a minority."1 0 5 He maintains that
.- entrepreneurs usually possess "supernormal qualities of intellect and
will." They form a very small subset of the population; an
entrepreneur is a rare gem, like a singer of Caruso's callibre.
Entrepreneurs differ from the population at large not only in
their talents, but in their motivations. They are not hedonists,
driven by the desire to expand consumption opportunities. They work
too hard and too long, take too many risks, have too much money and too
little time to enjoy it to be considered as mere maximizers of
consumption. Rather, they are driven by other motivations: a dream of
founding a private kingdom; the quest for power and social distinction;
love of competition, of proving oneself superior to others; the joy of
creating things and using one's talents.l 0 7
In Capitalism. Socialism, and Democracy, Schumpeter suggests that
the innovative function performed traditionally by the entrepreneur
(the actor emphasized in his first work on innovation, The Theory of
Economic Development) is now being assumed increasingly by large,
monopolistic firms. Again challenging economic orthodoxy, he argues
that the economy is better served by monopolies than by perfect
competition. Not unlike List, Schumpeter maintains that neo-classical
theory misses the fundamental issue: "... the problem that is usually
being visualized is how capitalism administers existing structures
whereas the relevant problem is how it creates and destroys them."i08
It errs in taking a static, rather than a dynamic approach to the
economy:
"A system ... that at every given point of time fully
utilizes its possibilities to the best advantage may yet in
the long run be inferior to a system that does so at no given
point of time, because the latter's failure to do so may be a
condition for the level or speed of long-run performance."1 0 9
Neo-classical economists advocate competition over monopoly
because, given that monopolists tend to restrict production and raise
prices, competition yields the most efficient allocation of resources
at any particular time. If the timeframe is extended, however,
Schumpeter maintains that the static inefficiencies of monopolies are
more than counterbalanced by their greater innovative capabilities.
Monopolistic enterprises are "the most powerful engine" of economic
105 Schumpeter (1983), p. 87.
106 Schumpeter (1983), pp. 81-82.
107 Schumpeter (1983), p. 92-93.
108 Schumpeter (1950), p. 84.
109 Schumpeter (1950), p. 83.
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progress for several reasons: 1) they attract the best talent, the
"superior brains"; 2) they can tap substantial sums of capital (due to
monopoly profits and greater ease in obtaining bank loans); 3) they are
likely to be using the most advanced organizational and production
methods; 4) their size enables them to deploy a large team of trained
research specialists (in a sense, to achieve economies of scale and
synergy in R&D).1 0 According to Schumpeter, the benefits from this
technological dynamism outweigh the costs associated with monopolistic
production and pricing: "... perfect competition is not only
impossible, but inferior and has no title to being set up as a model
of ideal efficiency ... t1
As we have seen in the description of the collaborative research
landscape above, and as we shall see in the following case studies,
Schumpeter's claim that technology is the central component of economic
competitiveness resonates throughout Japanese economic practice. It is
no coincidence that purchases of technology (patents, licenses,
royalties, etc.) are one of the few areas in which Japan continues to
run a sizable (though now shrinking) trade deficit. Japanese
industrialists and policymakers share Schumpeter's belief in the
centrality of technology; price has always taken a backseat to
technology acquisition in the motivations of Japanese economic actors.
As the aerospace and computer cases illustrate -- and one could
multiply the examples -- Japanese consumers are routinely called upon
to pay higher prices for inferior goods, while domestic producers work
to close the technological gap with foreign rivals. This calculus also
reflects the trade-off between static and dynamic efficiency described
by Schumpeter as well as List: current consumption is sacrificed to
the development of future productive powers.
While the motivations of Japanese economic actors, the obsession
with the technological dimension of competitiveness echo Schumpeter's
analysis, the same cannot be said of the modalities deployed. In
Schumpeter's mind, innovation results from the actions of either
heroic entrepreneurs or giant monopolists. Japanese practice diverges
in two essential ways: 1) public actors play an important role,
whereas they are all but ignored by Schumpeter; 2) much innovation is
carried out cooperatively, eliminating the opportunity for monopoly
rents.
For all his criticism of neo-classical economic theory,
Schumpeter remains within neo-classical tenets in one important
respect: he sees virtually no positive role for public authorities.
Innovation is the work of private actors, of entrepreneurs and
monopolists. Indeed, in Schumpeter's account, these figures introduce
innovation despite the efforts of public authorities, not because of
them. Entrepreneurs must buck social convention and restrictive
110 Schumpeter (1950), pp. 101, 132.
111 Schumpeter (1950), p. 106.
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regulations in order to build their empires; monopolies, too, are an
-object of opprobrium and legal inquisition. The policy implications of
Schumpeter's analysis are essentially negative: government should stop
trying to shore up the status quo at the expense of "creative
destruction" and it should eliminate prohibitions on monopolies. The
scope for positive action is limited to measures to increase the
monopoly rents resulting from innovation (patents, royalties, etc.).
Schumpeter's disregard for government actors stands in striking
contrast to Japanese practice, in which a range of government policies
-- military and civilian procurement, insistence on extensive
technology transfers for those few foreign firms allowed to produce in
Japan, and of course, support for joint research consortia -- are
designed to help promote indigenous technological development. What is
more, it is not just the existence of a government technology strategy
that is troubling from a Schumpeterian perspective, but the specific
content in the Japanese case. Japan's technology strategy is
increasingly centered around a set of practices, government-sponsored
research consortia, which contravene Schumpeter's most fundamental
assumptions about the role of innovation in the capitalist economy.
Schumpeter stresses the initiatives of bold individuals, not
institutionalized cooperation between established companies. He views
innovation as the most effective form of competition, rather than an
object of collaboration. Finally, he depicts the prospect of monopoly
rents and dominance of an industry as the driving factors behind
innovation, and yet collaboration would seem to exclude both of these
objectives.
Taken together, the two "non-Schumpeterian" characteristics of
Japanese practice -- a significant input by public actors and a
collaborative approach to R&D -- lend a national focus to Japanese
technology strategies that enhances existing theory. The goal is to
raise the technology level of all of the major players in an industry,
rather than a single firm. In speaking of Japanese "goals" or
"strategies," we do not wish to suggest that all economic actors
selflessly foreswear monopolistic opportunities for the sake of the
greater good of Japan's national economy. Indeed, much of our evidence
suggests the contrary. Merely, the preferences of individual firms to
be monopolists does not exist in isolation. We find consistently that
the decisions of Japanese firms are embedded within a broader political
and institutional context, and that this context structures incentives
in such a way as to promote collaboration.
4. Conclusion
This section has sought to provide a stylized account of the
process by which cooperative ventures in research and development are
established and sustained. List's model captures a piece of the
reality by pointing to the importance of the developmentalist Japanese
state and by elucidating the purposes of collaboration. However, it
ignores the extent to which the state is splintered. The rational
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choice model simply ignores the state altogether, but in exploring the
process of collaboration, it provides valuable insights into the
reasons why competitors might be willing to overcome the temptation to
"cheat" and cooperate instead. Schumpeter's understanding of
innovation captures brilliantly the way Japanese planners appreciate
the centrality of innovation, but, like rational choice, it fails to
account for the consistency with which the Japanese state is invited
into the interior processes of market innovation.
This brings us to political bargaining. The practices attendant
to cooperation in Japan do not simply spring forth, fully formed, a
reflection of the configuration of interests among rational economic
actors, as suggested by the rational choice literature or by pluralist
models of politics. Nor are they dictated by an all-powerful,
omniscient MITI, as the late development interpretation suggests.
Rather, cooperative arrangements are forged through a series of
bargains among multiple actors in both the public and private spheres.
Thus, if the Japanese historical and institutional context makes it
likely that deals will be struck and RC's established, the complex
negotiation among public and private actors determine the ways in which
these packages are put together. In our next section, we examine three
sets of arrangements -- in the telecommunications, computers, and
aviation industries -- and the politics behind them.
CIB--SIY ------
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V. INSTITUTIONS AND COLLABORATIVE RESEARCH IN JAPAN: THREE CASES
This section examines collaboration in R&D in three industries:
telecommunications, computers, and aviation. Our purpose is not to
provide an exhaustive account of the history of joint R&D in all three
industries, but rather to use these cases to highlight certain salient
features of Japanese practice. The telecommunications case focuses on
the politics of cooperative R&D, on the often-elaborate process of
bargaining which precedes and sustains cooperation. It is an extreme
case, almost a caricature of the kinds of complex negotiations that
make a research consortium work. Nonetheless, it should serve to
disabuse the reader of any lingering belief that collaboration arises
from either a natural propensity of the Japanese to behave
cooperatively or the dictates of a monolithic, all-powerful Japanese
state.
In our studies of the computer and aviation industries, we shift
our attention from the political underpinnings of research
collaboration to its economic consequences. The computer case
demonstrates the essential role that cooperation has played in
permitting Japanese firms to survive in an industry in which rapid
technological change is the sine qua non of competitiveness. We
acknowledge, however, that research collaboration has not been the only
factor in the development of the industry. The accompanying policies
to promote the computer industry, the international economic
environment, strategic decisions by key actors, and responses by
competitors have also been critical. The limitations of RC's as a
competitive weapon become apparent in our treatment of the aviation
industry. In this instance, collaboration in R&D, while successful
from a technical point of view, has not sufficed to create a viable
Japanese industry.
1. TELECOMMUNICATIONS - THE POLITICS OF COOPERATIVE R&D
At first glance, the Key Technologies Research Promotion Center
seems like a prototypical initiative of the "strong," developmentalist
Japanese state. The idea as well as the name of the Key Tech Center
were put forward by MITI in 1983. Established in 1985, the Center
provides diverse forms of support for joint research in basic high-tech
areas (telecommunications, computers, aeronautics, etc.). It
represents the most recent and most ambitious government program for
collaborative research to date. A logical conclusion would be that the
powerful Japanese state, having recognized the need for Japanese
industry to move from a strategy of emulating and diffusing existing
foreign technology to one of developing new technologies independently
and in advance of foreign competitors, has designed, in a coherent,
rational manner, an insitution to support this strategic shift.
Closer inspection, however, challenges this neat, Cartesian image.
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While the Key Tech Center was devised in part in response to Japan's
,changed economic circumstances, it was shaped as much by a political
logic as by an economic logic. What is more, the process of creating
the Center was anything but rational and'harmonious.
The Key Tech Center grew out of the so-called "Telecom War" of
the early-1980's, a turf battle between MITI and MPT, in which NTT was
also deeply involved.1 1 2 Several converging developments led to this
bureaucratic war and to the creation of the Key Tech Center as a means
of reestablishing the peace. The first development concerned
international trade frictions. The special relationship between NTT
and its associated firms was assailed by American trade negotiators in
the 1980's. They resented efforts to shelter NTT's $3 billion
procurement program from Japan's promises to liberalize trade, and
believed (incorrectly as it turned out) that an agreement for open NTT
bidding and procurement would reduce the bilateral trade deficit
through an increase in American sales of high-technology
. telecommunications equipment. Complicating this was the expiration in
1985 of the 1978 "Temporary Special Measures Law for Specific Machinery
and Information Industry Promotion," known colloquially as the kijihe
in Japanese and as the "Targeting Law" in English. American and
European trade negotiators objected to "unfair" advantages this law
provided Japanese firms in businesses the foreigners felt they could
compete.
The second development had to do with fiscal austerity. By this
time, a sweeping government reorganization, undertaken by the Second
Provisional Commission for Administrative Reform (Rinch6), was
gathering momentum. Senior LDP leaders, MOF officials, and business
leaders had long been engaged in negotiations to reduce government
spending and to relieve the public treasury of financial responsibility
for some of its most inefficient operations, such as the National Rail-
ways. It occurred to private sector leaders that the NTT monopoly
might also be challenged. Rinch6 Chairman Doko Toshio, engineered the
NTT presidency for his former colleague, Shinto Hisashi in
1981, placing a powerful voice for privatization within NTT for the
first time. "Administrative reform" also affected research budgets.
The government's share of R&D spending was already lower in Japan than
in any other industrial democracy when, in 1984, the Finance Ministry
instituted its "zero minus ceiling" budget system. MOF announced that
it would disallow any budget requests larger than the previous year's
allocations.
Fiscal austerity could not have come at a worse time for MITI,
112 The term "Telecom Wars" and much of this account is from
Johnson (1989). Readers interested in a thoroughly compelling and
deftly nuanced account of relations between MPT and MITI are urged to
read his essay. Note that NTT was supervised directly by MPT until it
was reorganized as a joint stock company in 1986.
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which was trying vigorously to redefine its industrial policy mission
and to enhance its role in industrial research. MITI not only proposed
increased research funding for the AIST, but also sought approval to
establish a new Basic Technology Promotion Center for telecom-
munications, materials technology and biotechnology in the fiscal 1985
budget. With MOF and Rinch6 in its path, MITI resorted to political
pressure. In August 1984, for example, it gathered all former MITI
Ministers to publicly renew commitments to basic and applied research.
This group, comprising some of the LDP's most influential and senior
leaders, included three former prime ministers and six major faction
leaders .113
MPT was lobbying just as vigorously to maintain and to enhance
its own administrative jurisdictions. Indeed, its problems were far
more menacing than MITI's. First, even though MPT had not fully
controlled NTT for most of the postwar period, the NTT privatization
would further dissipate MPT powers. To make matters worse, MPT was
threatened with loss of control of the lucrative Postal Savings
Program, "the world's largest financial institution." 1 14 The private
banks and MOF were each eager to wrest control of these funds from
MPT. Taken together, these developments could snuff out MPT's
aspirations to reestablish its prewar status as a "policy agency" equal
to MITI or MOF.
Changes in the nature of the telecommunications industry further
complicated the picture. The emergence of a hybrid "information
industry" out of the computer industry (MITI's traditional
jurisdiction) and a newly competitive communications industry
(regulation of communications circuits is indisputably MPT's job) gave
both MITI and MPT legitimate claims for policy jurisdiction in the new
high growth telecommunications business. The result was a duplication
of efforts, as each ministry sought to assume the exclusive direction
of this budding industry. MITI and MPT each supervised separate and
uncoordinated research in its national laboratories; each stimulated
and supported interfirm research collaboration in telecommunications
designed to establish it as the national telecommunications policy
champion. In 1983, each ministry initiated a separate regional
information network system: MPT's "Teletopia" and MITI's "New Media
Community." In the summer of 1984, each submitted separate draft bills
outlining a research and telecommunications research and regulatory
program that would secure its own policy jurisdiction.1 1 5 But it was
clear that neither MOF nor the private firms would put up with the
113 Shakan Tyb Keizai September 1, 1984.
114 Johnson (1989).
115 The MPT program was embodied in its draft bill: "Denki Tsashin
no Kiban Seibi Han." MITI's was in its "Jbhb Sangy6 Kyugo Kiban
Hban." Se~ Shukan Tyb Keizai September 15, 1984; Asahi Shimbun
July 31, 1984. ShOkan Tyb Keizai August 11, 1984. Tszshb...(1985a).
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duplication and competition for long.
The privatization of NTT provided opportunities for recon-
ciliation of MITI and MPT aspirations, a reconciliation achieved only
after extensive bureaucratic infighting and mediation by the LDP. Once
it became clear that NTT shares would be sold, MPT (fearing the loss of
its research infrastructure) proposed that a special Telecommunications
Research Promotion Center (Denki Tsashin Shink6 Kik6) be established
with funds from the sale of shares (genbutsu shuslhi). MOF preferred
to use the funds to offset the fiscal deficit, a move that would would
have separated MPT from the NTT funds. Senior LDP politicians
intervened between MOF and MPT, and induced MITI to redirect its own
proposal for a new research center.
Their reconciliation required three separate compromises. The
easiest was the name. MPT deferred to MITI here, and the MITI
proposal for a Key Technology Promotion Center was accepted. MPT
preferred that the new Center focus only on telecommunications
technology, while MITI sought a broader mandate. MITI again
prevailed. But MITI's effort to have unilateral control of the Center
was rebuffed by the LDP, MOF, and business leaders. The new Center
would be controlled jointly. In the final compromise, MITI had its
financial windfall and MPT had its policy windfall. As Johnson aptly
puts it:
"The center is a typical Japanese hybrid: the product
of bureaucratic competition, funded from public but not
tax monies, and incorporating private sector
supervision and participation." 11 6
The Key Technology Promotion Center was established by the Key
Technology Research Facilitation Law of June 1985. The Center is but
the latest institutional manifestation of Japanese cooperative
research promotion. It is engaged in three categories of activities,
providing: 1) equity for research and development companies comprised
of private firms engaged in at~ research (up to 70 percent of total
capitalization); 2) loans to private olint venture research firms
(interest repayment is "success conditional"); and 3) basic infra-
structure to collect and diffuse scientific and technical information,
to promote international research cooperation, and to facilitate other
forms of joint research, including access for private researchers to
national research facilities. One-third of government dividends from
NTT shareholdings are earmarked for the Center. In addition, it
receives funds directly from the Japan Development Bank, other
government financial institutions, and private firms.
The list of "Key Tech" projects reflects clearly the political
compromise that created the Center. There are two kinds of projects:
the MPT-supported "teletopias" which provide regional information
116 Johnson (1989); see also Shikan Ty6 Keizai January 19, 1985.
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systems to local governments, and the MITI supported "R&D projects,"
which look very much like its ERA's, but which give the state an equity
stake. This suggests that MITI may have been induced to compromise its
own "new media community" regional policy program, while MPT lost its
bid to expand its research base. Since the Key Tech Center's
inception, the balance has shifted to favor MITI's "R&D projects." In
1986, the "teletopias" claimed 13 percent of Key Tech Center funding,
but in 1989, they were allocated but 7 percent of the total, indicating
that the Center is becoming oriented toward MITI's original scheme to
facilitate interfirm research collaboration.
The incentives are considerable, starting with state equity.
Declares the chief executive officer of one joint research firm
supported by the Key Tech Center:
"This support is critical, as research firms have
no income, only expenses. We need this money, and
by the time this effort is transformed into
products, we will have fully depreciated all our
equipment and the benefits of the technology will
have been diffused broadly throughout our parent
firm. - 1 1 7
As important as state funding is the fact that private firms
retain considerable control. They are the primary actors in all phases
of the RC's, from conceptualization, to the conducting of the research,
to the exploitation of the results. Research consortia are initiated
by private firms themselves, not by MITI or MPT.11 8 Proposals are
reviewed by a board of academic and government experts, who are also
responsible for judging the "success" upon which the loans are
"conditional." Once approved, Key Tech projects operate much like
MITI's ERA's: The government provides subsidies, either through direct
grants or "success conditional loans," to encourage collaboration among
competitors. There is one important difference, however: unlike most
ERA's, the work for Key Tech projects is conducted in joint
facilities.119
Japan's industrial giants play a dominant role in the financing
and direction of the RC's. The lead firms in Key Tech-sponsored RC's
are virtually always keiretsu-affiliates. Fujitsu and NEC, for
example, participate in more than fifteen Key Tech projects. The
keiretsu-affiliates take a disproportionately large share of the equity
and send a proportionately larger number of researchers to the Key Tech
117 Interview June 5, 1987.
118 Interview, Managing Director Key Technology Center January
1989.
119 A full list of 1989 projects is in the Appendix.
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ventures. In this way, numerous smaller firms are able to participate
with little risk.
The Key Tech Center is never responsible for more than a smallpercentage of the participating firms' total R&D expenditures, even inthe specific areas targeted by the project.1 2 0 This suggests that,like the ERA's, Key Tech projects enhance, rather than supplant,private research efforts. Also supporting this view is the fact thatparticipant firms are permitted to retain all patent rights; the
research partners rely upon negotiations to divvy up the patent rights
among themselves.
The Key Tech Center, then, is not simply the product of the
recognition by enlightened Japanese bureaucrats that industry should beencouraged to collaborate in basic research. Rather, its creation and
mode of operation reflect a series of compromises 
-- between MITI andMPT, between both of these ministries and MOF, and between government
and industry. The case of the Key Tech Center points to the centrality
of political bargaining and specific institutional arrangements in anycollaborative enterprise. Even in the case of the computer industry,which is often held out as a model of successful collaboration,conflict is ever-present and compromise a necessity. We turn now to a
consideration of collaboration in the computer industry.
2. COMPUTERS 
- THE POSSIBILITIES OF COOPERATIVE R&D
The development of the Japanese hardware industry stands as theparadigmatic case attesting to the power of interfirm research
collaboration. In an industry in which technological frontiers arepushed back with astonishing regularity, Japan's producers have movedfrom laggard status to the technological forefront. Where giant
electronics makers, such as RCA, GE, and Matsushita, have found the
costs of competition prohibitive, no member of Japan's research
consortia has exited the business. Cooperation in R&D has played anintegral part in this technological success story.
While the achievements of the computer RC's are indeed impressive,
two qualifications are in order. First, the image of a monolithic
"Japan Inc." rallying its forces to do battle with IBM obscures a morecomplex reality. There has always been less unity and cooperation toJapanese practice than meets the eye, and the divisions within JapanInc. 
-- between different ministries, between MITI and privateindustry, and between the firms themselves 
-- have resulted in a rather
uneven performance across companies. Second, the success of Japan'shardware manufacturers derives from a number of factors, notably a
range of supportive public policies; it cannot be reduced to thepractice of research collaboration.
120 Interview, Managing Director Japan Key Technology CenterJanuary 1989.
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As Wakasugi describes, the computer industry represents a high
hurdle, a kind of "critical case" by which to measure the power of
collaborative research.1 2 1 This is true for several reasons. First,
competition in computer manufacturing is waged primarily through
innovation, by developing new products which render existing offerings
obsolete, rather than by simply lowering the price of a standard item.
Products have an extremely short life-span: "Although it is common for
technological revolutions to alter market structure, the computer
market is characterized by almost continuous and frequent supply of
superior new versions of the same product, so such structural changes
are frequent. 122
Adding to the challenge, Japanese manufacturers have long lagged
far behind the state of the art. Thus, they have not only had to match
the competition's rapid innovative pace; they have had to exceed it, to
close a wide technological gap in order to become viable. Finally, the
global leader of the industry, IBM, has not stood by while foreign and
domestic rivals worked to catch up. Far from a sitting duck, IBM has
played the role of hunter, repeatedly introducing new generations of
products, which rendered existing Japanese offerings -- and often
prototypes of machines not yet in production -- obsolete. According to
Wakasugi:
"IBM aggressively introduced new products to the market in an
attempt to overwhelm domestic makers with its technological
superiority and win a monopoly ... In response, the domestic
makers [sic] strategy was to close IBM's technological lead
and to supply competing products as quickly as possible. 12
Given the intensity of the technological challenge and the
potential commercial rewards, it is not surprising that the computer
industry has seen more ERA's (fourteen) than any other industry. From
day one, MITI's ERA's have been formulated to help Japan's computer
makers respond to IBM's incursions. In the public sphere, MITI has
provided substantial incentives for collaborative research, covering
anywhere from one-half to 100 percent of costs. From a static
perspective, it would have been more efficient for Japan to buy its
computers abroad. For much of the past 30 years, IBM's offerings have
been less expensive, more reliable, and more powerful. However, MITI
refused to countenance foreign domination of such a strategic industry.
Taking a dynamic view of efficiency, public officials regularly
sacrificed immediate consumption opportunities to future productive
potential and channeled vast resources to the industry.
121 Wakasugi (1987, 1988).
122 Wakasugi (1987), pp. 11-12.
123 Wakasugi (1987), p. 14.
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In the private sphere, six firms dominate the Japanese computer
- industry: Fujitsu, Hitachi, NEC,_Toshiba, Mitsubishi Electric, and Oki
Electric. These same firms have participated in virtually every MITI-
sponsored venture since the mid-1960's. What is more, they have been
the only participants in these ventures. Prior to the 1980's, efforts
by electronics giants such as Sharp and Sanyo to gain admittance were
rebuffed by MITI. This stable, oligopolistic environment has provided
the ideal circumstances for the development of cooperative practices,
as described by Axelrod. Firms know that it is in their interest to
cooperate with their partners because bad behavior can be reciprocated
in future projects. In addition, as Fujitsu's Tajiri Yasushi notes,
there is always the threat of goverment reprisals: "If we ever said,
'forget about Fujitsu [for a given project] and do it with someone
else,' we would never be invited to join a government project
again."1 24 Tajiri's fears seem well-founded. Matshushita, once a
member of the computer oligarchy, exited the industry in 1964 believing
that "seven firms was too many"; it was unable to reenter MITI-
sponsored computer consortia for two decades.1 2 5
ERA's have formed the central weapon in the battle between
Japanese computer makers and IBM over the past twenty-five years.
Consider the ways in which the Japanese responded to IBM in the 1960's
and 1970's, with research consortia expressly designed to parry IBM's
innovative thrusts. As Wakasugi puts it, "Cooperative R&D projects
were the place where domestic makers exchanged the information
necessary to devise strategies to compete with IBM."1 2 6 In fact, from
the first ERA in 1962 to the celebrated VLSI Project of the late-
1970's, every research consortium was targeted at some segment of
IBM's technological advantage:
124 Cited in Anchordoguy (1989), p. 186.
125 Anchordoguy (1989), p. 59.
126 Wakasugi (1987) p.3 2 .
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The first ERA was established as a direct response to IBM's entry
into the Japanese market.l2 7 In 1961, IBM signed an agreement with the
Japanese government, under which it would permit Japanese firms to
license its basic patents in return for being allowed to manufacture
in Japan. For the first time, Japanese producers contronted the
prospect of high-volume IBM sales in their home' market. The Computer
Basic Technology Research Association -- also known as the FONTAC
Project, after the first letters of the participating companies:
Fujitsu, Oki Electric, and NEC -- was launched in 1962 to help Japanese
manufacturers build a machine to compete with IBM's second generation
1401 series. Fujitsu worked on the main processor, while NEC and Oki
handled the peripheral equipment.
The FONTAC Project was widely perceived as a failure. The parts
developed by different companies did not connect properly, so that the
machine did not run. More important, in 1964, IBM introduced its much
more powerful 360 series, which rendered the FONTAC machine obsolete,
even before it had been completed. It was at this point that
Matsushita decided to withdraw from the industry. Nonetheless, FONTAC
was not a complete failure. Fujitsu used the technology gained from
the project to produce the first Japanese mainframe computer, the FACOM
230-50. While this machine lagged far behind the latest IBM offerings,
it represented the most sophisticated domestic offering to date. More
fundamentally, FONTAC was only a failure insofar as it had been
expected to achieve the impossible -- to quickly close the gap between
Japanese producers and a rapidly-innovating IBM. This would be a much
longer process.
As the FONTAC Project drew to a close, Japanese producers lagged
more than a product generation behind IBM. They were still working on
machines to compete with the 1401 series, whereas IBM had already
introduced the next generation 360 series. The Super High-Performance
Computer Project was introduced in 1966 to help Japanese makers respond
to the 360. Whereas government and industry had roughly split the
costs of FONTAC, this project was fully funded by MITI's Agency for
Science and Technology (AIST). A second difference was that, while
FONTAC included only three firms, the Super High-Performance ERA
brought together all six major manufacturers. With the occasional
exception of Oki Electric, these six companies would collaborate in
all subsequent ERA's. The six companies were divided into two research
teams: Hitachi, Fujitsu, and NEC worked on the mainframes and
integrated circuits; Oki Electric, Mitsubishi Electric, and Toshiba
focused on peripheral equipment, such as optical character recognition,
Chinese character display, and graphic cathode tube (CRT) displays.
The Super High-Performance ERA achieved its main goals, developing
the integrated circuits (IC's) and high-speed memories necessary for
127 The following account of MITI's ERA's is drawn from Wakasugi
(1987, 1988), Doane (1984), and especially Anchordoguy (1989).
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competing with the 360. Although the gap with IBM was closing, it
remained wide. In 1971, IBM brought out its 370 series, once again
rendering Japanese products obsolete. RCA and GE left the industry,
rather than attempt to match IBM's offerings. The situation appeared
especially grave for Japanese producers because the government was
committed to fully liberalizing the computer industry by 1975. In
theory at least, IBM would soon be able to import and produce
domestically as many machines as it wished, and Japanese manufacturers
would no longer be able to unload inferior products on a captive
market.
The Japanese response to the 370 series was yet another ERA. The
New Series Project ran from 1972 to 1976, with the government covering
roughly half the costs. For the first time, Japanese manufacturers
sought to build IBM-compatible machines and also to challenge IBM in
the highest end of the market (large mainframes). The six firms
divided into three teams. The Fujitsu-Hitachi partnership worked on
the largest computers (called the "M series"), a market segment which
.... remained-completely dominated by IBM to this point. NEC and Toshiba
produced medium- and small-scale machines, the "ACOS series," and
Mitsubishi and Oki were responsible for the small-to-medium "COSMOS
series." All three ventures made extensive use of partnerships with
American computer makers to gain access to technologies necessary for
building IBM-compatible machines -- Fujitsu and Hitachi through Amdahl
and RCA; NEC and Toshiba through Honeywell; and Mitsubishi and Oki
through UNIVAC (Sperry-Rand) -- but Japanese firms also made
considerable efforts on their own.
The New Series Project was a huge success, permitting Japanese
producers to offer a full range of products for the first time. By the
late-1970's, Japanese hardware was on a par with IBM's 370 series and
was priced fifteen to twenty percent lower. Sales and profits boomed.
For the first time, Japanese manufacturers and IBM were competing head-
to-head, and the battle was on for leadership in the next generation of
computers. IBM had a head start in developing a "fourth generation" of
computers based on "very large scale integrated circuits" (VLSI). To
tackle this deficit, Japanese makers came together in the celebrated
VLSI ERA.
MITI's VLSI ERA operated from 1976 to 1979, with government again
covering approximately half the costs. For the first time since the
FONTAC project of the early-1960's, all six domestic manufacturers did
not participate. Oki Electric was dropped because it had failed to
commercialize the results from its New Series partnership with
Mitsubishi, a condition for the receipt of government subsidies. In
addition, the company was struggling and did not appear to be in a
position to contribute to the VLSI Project.
Another novel feature of the VLSI ERA was its division of labor.
In all previous projects, "distributed collaboration" had been the
rule: each firm conducted research independently, with its own
personnel in its own laboratories, and results were then exchanged at
_ - -----
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group meetings. The VLSI consortium brought all participants together
in a common facility. But for the most part, old practices were
reproduced in the new setting. Five independent work teams were
composed, each one dominated by the representatives of one firm.
Still, the teams were not entirely homogenous, which necessitated a
certain unprecedented degree of cooperation between the researchers of
different firms. What is more, the common setting for the research
teams led to a considerable amount of informal exchange among the
research staff.
By all accounts, the VLSI ERA was a striking success. In less
than four years of operation, the consortium generated some 1000
patents, sixteen percent of which were held jointly. The perfecting of
techniques for tracing designs on silicon wafers and for controlling
quality enabled Japanese manufacturers to become world leaders in VLSI
by the late-1970's. The VLSI project is widely seen as having made it
possible for the Japanese to capture increasing shares of the global
market for 64K, 128K, and 256K semiconductors. Nor were semiconductors
the only export to benefit. Fujitsu, NEC, and Hitachi introduced a
range of powerful fourth generation machines, which were able to go
head-to-head with IBM's 303X and 4300 series. As a result, an industry
which had run a steady trade deficit through the 1970's began
registering huge and increasing surpluses in the 1980's.128
With Japanese hardware manufacturers having finally closed the
technological gap with IBM and having reached a level of profitability
permitting them to make substantial R&D investments on their own, one
might think that ERA's would have receded into the background. In the
1980's, however, quite the opposite has occurred. Three major MITI
initiatives have been launched. The first, the Optoelectronics Applied
Systems ERA, lasted from 1981 to 1986 and is credited with having given
Japan a lead in production technology for optoelectronic IC's.12 The
two other ERA's are still in progress. The Scientific Computer
Research Association is seeking to-develop the components necessary to
build a supercomputer. It has made significant advances in the field
of densely-integrated, high-speed logic and memory chips (gallium
arsenide chips, Josephson junctions, and HEMT high electronic mobility
transistor] devices).
The final MITI-sponsored consortium is the well-publicized Fifth
Generation Computer Project. The goal is to develop a radically new
kind of computer, one that is capable of "thinking" on its own, of
inferring new knowledge from its data base and writing its own
software. This would require revolutionary breakthroughs in computer
architecture and artificial intelligence. As Anchordoguy observes, the
Fifth Generation Project is far more ambitious than anything the
128 Anchordoguy (1989), p. 180A. By 1983, computer exports
totalled four times imports.
129 Merz (1986).
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Japanese have ever attempted:
"In contrast to the supercomputer project, which focuses on
improving existing technologies such as parallel processing
and developing clearly defined technologies such as gallium
arsenide devices, the fifth generation project has rather
vague goals to be met by developing new concepts and
technologies that the Japanese have yet to prove they can
master.- I 30
MITI's ERA's have been a boon to the Japanese computer industry.
From the early-1960's to the late-1970's, each ERA enabled Japanese
producers to eat away at IBM's technological advantage. At the
beginning of the FONTAC Project, the Japanese had nothing to compete
with what for IBM was an aging model (the 1401 series). Three years
later, FONTAC had helped the Japanese match the 1401 series, but IBM
had already moved to a new generation of products. The Super High-
Performance Computer ERA lifted Japanese industry into the same
product generation as IBM, although just barely. IBM introduced the
370 series shortly after Japanese competitors for the 360 hit the
market. By the end of the New Series Project, however, IBM's lead had
been narrowed to two, maybe three years, and protectionism was becoming
less necessary for Japanese sales. With the VLSI ERA, Japan forged
ahead in semiconductors. Finally, the ERA's of the 1980's have been
designed to push back technological frontiers, rather than to simply
match results achieved elsewhere. As Wakasugi notes, the object of
competition has shifted:
"these new cooperative research and development projects
begun by the Japanese computer industry in the 1980s share
the following characteristic, the goal of development is not
a direct competitive response to IBM."13 1
Having reached the technological forefront, Japanese business and
government did not abandon ERA's, but readapted them to meet new
challenges. The ERA's of the 1980's share the objective of advancing
the level of technology of Japanese computer makers, but several
changes have been made. Whereas earlier ERA's sought to build working
prototypes, which could be easily commercialized, the ventures of the
1980's are oriented toward basic research with at best distant links to
the market. In the Fifth Generation Project, for example, there is no
expectation that the goal of creating a thinking computer will be
realized by the time the project is scheduled to end in 1992.
Given such distant commercial prospects and the likelihood that
research results will diffuse into the broader scientific community,
Japanese computer makers have been unwilling to commit their own
130 Anchordoguy (1989), pp.1 88-9.




resources to MITI's projects. The leading ERA's of the 1980's have
all been 100 percent government-funded. In the case of the Fifth
Generation ERA, MITI had originally budgeted Y100 billion ($455
million) for the venture, half to be provided by public funds and half
by the participants. However, private industry balked at committing
funds to such vague and unrealizable goals. MOF, for its part, refused
to make up the difference, so in the end, MITI scaled back the program.
The government is contributing Y50 billion as promised, while industry
participates with planners and researchers, but not with cash.
The shift toward basic research has affected not only the
financing of the computer ERA's, but also their mode of operation and
composition. Because there is less proprietary technology at stake,
participants appear to be comfortable with more involved forms of
cooperation. The breach with "distributed collaboration" opened by the
VLSI Project has been widened during the 1980's. All three ERA's
mentioned above have been housed in common facilities. Researchers are
still grouped into independent work teams, but the composition of these
teams is increasingly heterogeneous. In addition, much work is
conducted side-by-side, rather than in separate laboratories.
Restrictions on participants have also been eased. Oki Electric
has been reintegrated into the consortia, following its banishment from
the VLSI Project. More significantly, several household names in
Japanese industry (Matsushita, Sharp, Nippon Steel) have also been
invited to participate in one ERA or another. The reasoning would
appear to be two-fold. On the one hand, the broader, more ambitious
scope of today's ERA agendas has made it worthwhile to include
companies with expertise in related fields, such as electronics
(Matsushita, Sharp) and composite materials (Nippon Steel). At the
same time, the fact that the research is so removed from commercial
applications tends to ease the concerns of the established computer
makers that cooperation will compromise valuable proprietary
technologies and lead to the creation of new rivals in the industry.
Clearly, there is much to Wakasugi's argument that the ability of
MITI and Japan's computer makers to work together to accelerate
technical development has been an essential ingredient in the success
of the industry. What is more, as we have seen, ERA's are likely to
continue to play an important role as Japanese manufacturers seek to
innovate aggressively. Nonetheless, Wakasugi's depiction of a
monolithic MITI-industry alliance joining forces to battle the foreign
menace is overdrawn. The actors must be broadened and unbundled on
both the government and industry side.
On the government side, it should come as no surprise that MITI is
not the only public agency to have supported joint research in the
computer industry. Since 1968, virtually every MITI ERA has been
matched (and sometimes preceded) by NTT. The relationship between the
two agencies has been both cooperative and competitive. They share a
common goal -- to channel resources to a strategic industry -- and a
common set of enemies -- the tight-fisted MOF and American lobbyists
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demanding a more open Japanese computer market. NTT has proven to be a
valuable ally against both of these enemies. Awash in cash and with a
giant procurement budget, it is able to channel vast resources off-
budget to the four telecommunications makers who also happen to operate
in the computer industry (Fujitsu, Hitachi, NEC, and Oki). At the same
time, because these resources are channeled through inflated prices
paid for telecommunications equipment, the subsidies are less visible.
This cooperation between MITI and NTT has also been facilitated by
an unstated agreement on the division of labor.1 3 2 MITI and NTT tend
to sponsor complementary, rather than duplicative, research.
Typically, NTT's ventures are more applied than MITI's. Whereas ERA's
have focused on developing prototypes, to be translated into commercial
products through each firm's independent research efforts, NTT has
sought working machines for its telecommunications network. NTT has
also compelled its suppliers to develop sophisticated testing and
quality assurance methods, features which are less relevant to
prototypes.
Yet the relationship between MITI and NTT has been relatively
harmonious, it has not been without conflict. The distinction between
research designed to develop prototypes and research for commercial
purposes is always subject to interpretation and has led to important
turf battles. MITI's celebrated VLSI project, for example, was
targetted not only at IBM, but at NTT, the latter having established a
VLSI consortium a year earlier. MITI tried to absorb NTT's VLSI
consortium into its own, but NTT refused to go along.1 3 3
Another source of conflict between MITI and NTT is the fact that
NTT's "family" of telecommunications suppliers is not identical to
MITI's clientele. Although Oki Electric was barred from the VLSI ERA
it later gained access to VLSI technology through its work with NTT.1 3 4
Fujitsu was also able to use NTT to circumvent MITI. During the New
-Series Project, Fujitsu sought to cut a deal with Amdahl, an American
company founded by the IBM engineer who had designed the 360 series.
Amdahl was seeking to make a machine compatible with the 370 series,
but desperately needed additional capital. For Fujitsu, this seemed
like a golden opportunity to gain access to vital technology. MITI saw
differently, however, refusing to fund the Amdahl venture because it
wanted Japanese firms to develop indigenous technology, and Fujitsu was
the only firm at the time with "pure national technology." Fujitsu was
able to sign the deal nonetheless and to invest some $54 million in
Amdahl from 1972 to 1976 because NTT agreed to purchase Fujitsu
machines making use of Amdahl's technology. As Anchordoguy relates,
Fujitsu's position as NTT's "favored child" allowed the firm to
132 Doane (1984), pp. 142-46.
133 Anchordoguy (1989), pp. 170-76.




"the fact that Fujitsu operated in both the computer and
telecommunications markets increased the probability that a
return on its investment in Amdahl could be made rapidly....
NTT, because of its huge procurement budget ... made
Fujitsu's strategy of allying with Amdahl financially
feasible. ,,135
Conflicts and double-dealings are by no means confined to the
public sector. Fujitsu's relationship with its ostensible "partner" at
the time, Hitachi was replete with dirty tricks.1 3 6 Indeed, part of
the reason why Fujitsu was looking for public support for the Amdahl
deal was that Hitachi, after expressing initial interest in entering
the venture with Fujitsu, had withdrawn under the pretense that is was
infeasible. In fact, the real reason was that Hitachi had signed its
own deal with RCA. It did not need Amdahl's technology and certainly
did not want to help Fujitsu.
Lest one think badly of Hitachi, Fujitsu's behavior was no better.
As the New Series Project got underway, Fujitsu secretly developed the
FACOM 230-8 to serve as a bridge between the previous generation's
products and the M series which the two firms were seeking to build.
Hitachi had no comparable offering and was placed at a severe
disadvantage while awaiting the M' series. Consequently,'Hitachi was
desperate to get out the new product as soon as possible. Fujitsu, by
contrast, possessing the most advanced domestically'manufactured
machine on the market and knowing that once the M series came out,
customers would trade in their 230-8 models at great expense to the
company, adopted a go-slow approach.
The treachery continued as production began on the M series. By
agreement, Hitachi was to manufacture the intermediate machines, the M-
170 and M-180, and Fujitsu the largest and smallest machines, the M-190
and M-160. However, Fujitsu immediately launched a competitor to
Hitachi's M-180, whereupon Hitachi cloned Fujitsu's M-'160, and so on,
with the result that both firms wound up selling all four models. In a
recent interview, a Fujitsu executive described the relationship with
Hitachi in terms that were far more honest than the relationship
itself: "while above the desk we were shaking hands, below it we were
kicking ... with one hand we were shaking hands and with the other hand
hitting each other."1 3 7
135 This anecdote as well as the quotation are from
Anchordoguy (1989), pp. 134-38.
136 These are described in Doane (1984), pp. 162-63 and
Anchordoguy (1989), pp. 132-40.
137 Cited in Anchordoguy (1989), p. 133.
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Thus, conflict has been at least as widespread on the private side
as on the public side. A monolithic depiction of "the Japanese
computer industry" overlooks these tensions and, therefore,
underestimates the difficulties and limitations of research
collaboration. It also masks significant differences between firms.
To understand research consortia in computers, the private sector, like
the public sector, must be unbundled.
Even a cursory examination of the computer industry reveals a
basic dualism. On the one hand, Fujitsu, NEC, and Hitachi battle IBM
for market leadership, with each firm capturing roughly fifteen to
twenty percent of the Japanese market. On the other hand, Toshiba,
Mitsubishi, and Oki scramble for crumbs; their combined sales are less
than the average for one of the "big three."1 3 8 This dualism is
technological as well as commercial. Whereas the big three offer a
full range of computer products, the little three are onfined mostly
to small personal computers and microcomputers as well as peripheral
equipment. They are do not manufacture the largest and most
sophisticated machines.
The dualism of the Japanese industry has arisen in part because of
strategic choices by computer manufacturers, but it has been strongly
reinforced by public policies. As noted above, the members of the NTT
family -- Fujitsu, NEC, Hitachi, and Oki -- receive a host of benefits
unavailable to Mitsubishi and Toshiba: highly profitable procurement
contracts, the opportunity to amortize investments across two markets
(computers and telecommunications) rather than just one, technical
assistance from NTT's labs. NTT support has been particularly
important for Fujitsu, which does not belong to a large industrial
group capable of subsidizing losses in the computer business.
MITI, too has been active in promoting the dualism of the
industry. During the 1960's and 70's, MITI, like Matsushita, believed
that seven firms were too many and sought to promote a concentration of
the industry. The organization of the ERA's have tended to reflect
MITI's desire to reinforce the strongest domestic firms at the expense
of the weaker ones. In the Super High-Performance Computer ERA,
Hitachi, Fujitsu, and NEC were assigned the work on the mainframes and
integrated circuits -- the "heart" of the system -- whereas Toshiba,
Mitsubishi, and Oki were responsible for printers and cables.
Concurrent with this project, MITI organized a software ERA, which
excluded the little three.
MITI's efforts to consolidate the computer industry became even
more blatant in the early-70's.1 3 9 With the industry in desperate
shape under the onslaught of IBM's 370 series and the prospect of
market liberalization, MITI proposed some $500 million in aid on
138 Wakasugi (1988), p. 29.
139 Anchordoguy (1989), pp. 126-32.
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condition that the six manufacturers merge their operations into two or
three groups. The computer makers refused, and HOF slashed MITI's
budget, so the mergers never came off. However, the next ERA, the New
Series Project, was clearly designed to promote this objective. The
project split the six firms into three teams. The two strongest
manufacturers, Fujitsu and Hitachi, were given responsibility for
manufacturing the largest, most sophisticated computers, NEC and
Toshiba worked on intermediate models, and Mitsubishi and Oki were
consigned to the smallest machines. Public subsidies, like work
tasks, were skewed in favor of the strongest firms: 45 percent for
Fujitsu-Hitachi, 40 percent for NEC-Toshiba, and 15 percent for
Mitsubishi-Oki. Thus, although these consortia were quite successful
from an industry perspective, not all participants fared well. Oki
never produced the machines it designed with Mitsubishi, and Toshiba
and Mitsubishi soon joined Oki in exiting the mainframe business.
Even in the 1980's, the big three have been favored over the
little three. Consider, for example, the supercomputer ERA. Three
paths are being pursued in an effort to develop a high-speed logic
chip. NEC, Toshiba, Hitachi, and Mitsubishi are working on a gallium
arsenide chip; Fujitsu, Hitachi, and NEC are investigating Josephson
junctions; and Fujitsu and Oki are focusing on HEMT devices. This
judicious division of labor reflects (and, of course, helps to
reproduce) the dualism in the industry: the big three are working on
two projects each and the little three on one project each.
To conclude, ERA's have been an important factor in the rise of
Japanese computer manufacturing, but they have not been the only
factor. Government subsidies, protectionism, and the Japan Electronic
Computer Corporation (a public policy company, which helped rig prices
and promote the use of Japanese machines) have each been critical
additional tools. Even in the realm of technology, Japan's progress
cannot be attributed solely to joint research. The licensing
agreements signed in the early-60's by American firms wishing to sell
or produce in Japan helped give the industry a start. In the early-
70's, Japan's computer makers again received a shot in the arm from
American producers, this time in the form of the technology needed to
make IBM-compatible machines, provided at low cost by computer
manufacturers in difficulty or about to exit the industry (GE, RCA,
Amdahl, Honeywell).
The case of the Japanese software industry also seems to urge
caution in attributing Japanese economic or even technological success
solely to ERA's. There have been as many ERA's in software (seven) as
in hardware, and yet the industry is widely viewed as backward.
Virtually all operating systems and programs must be purchased from
abroad.1 0 Our next case, a study of the Japanese aviation industry,
140 In her account, Anchordoguy (1989) briefly considers the
failure of software ERA's as well as of the industry itself. Also see
Cusumano (forthcoming) on this point. It is clear that the Japanese
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offers similar grounds for skepticism about research collaboration as a
sufficient condition for innovation. If the aeronautics is a guide,
then successful research collaboration, however helpful, does not an
industry make.
3. AIRCRAFT - THE LIMITS OF COOPERATIVE R&D1 4 1
Collaboration in the Japanese aviation industry reveals many of
the same characteristics as collaboration in the computer industry. It
was originated by MITI and the manufacturers to overcome technological
backwardness and has received continuous government support; it
involves a stable set of industrial players; it combines collaboration
with the preservation of proprietary technology under the practice of
"distributed collaboration"; its institutional forms have changed over
time and across ventures. Aerospace differs from computers in one
important respect, however: it has not yet led to the development of a
viable domestic industry. While joint R&D constitutes an important
element of Japan's industrial development strategy, it is not alone
sufficient to get an industry such as aeronautics "off the ground."
Four heavy industrial companies dominate the Japanese aerospace
industry: Mitsubishi Heavy Industries (MHI), Kawasaki Heavy
Industries (KHI), Fuji Heavy Industries (FHI), and to a lesser extent
Ishikawajima-Harima Heavy Industries (IHI). These firms were central
participants in the first stages of the Japanese economic recovery,
manufacturing the ships, cars, electrical equipment, and other capital
goods that led Japan's postwar industrialization. After the recessions
of the 1970's and 1980's in their core businesses, they looked quite
naturally to aerospace as an industrial and technological frontier.
Unlike American and European aircraft manufacturing companies, the
-Japanese producers are single divisions within large, diversified firms
that derive only a small portion of total revenues from this business.
Put simply, none of Japan's airframe or engine makers specialize in
airframe or engine manufacturing. Aircraft sales range from barely 5
software industry has been in a much less favorable position than the
hardware industry. Among the factors cited most frequently are: 1)
Production is scattered among hundreds of small firms, who lack the
deep pockets of the keiretsu-linked hardware manufacturers; 2)
Government policies have been unable to provide a relatively stable and
secure market as in the case of hardware; 3) American software writers
have been able to protect their technologies fairly effectively; 4) The
intricacies of the Japanese language make writing software extremely
difficult.




percent (FHI) to 17 percent (KHI) of total sales. For Boeing or
McDonnell Douglas the figure is about 80 percent.1 4 2 Traditionally,
the aerospace divisions have been viewed within their firms as the
"poor cousins" of the more profitable heavy equipment manufacturing
divisions. During the 1950's and 1960',s, the aircraft business
suffered from lower than average profits as compared with Japanese
firms overall, as compared to other manufacturing firms in Japan, and
as compared with other divisions within their own conglomerate. In the
1970's, the aviation industry collapsed. In the 1980's, however,
defense procurement has doubled sales, and the prospect of more to
come have turned the business into an important and prestigious growth
sector, offsetting precipitous declines in such areas as shipbuilding
and petrochemical plant construction.
The Japanese aerospace industry is very concentrated, with three
firms controlling 96 percent of the prime contract market. Mitsubishi
alone accounts for almost half, Kawasaki and IHI about one quarter
each. Fuji Heavy Industries claims much of the rest, giving the "big
four" essentially complete responsibility for Japanese aircraft
production. Extensive vertical integration within these companies and
keiretsu affiliations seem to reinforce this concentration. Mitsubishi
Electric (MELCO), for example, is a leading supplier of avionics, while
Mitsubishi Precision, created in 1962 by MHI, MELCO, Mitsubishi
Trading, the Mitsubishi Bank and US General Precision, is a leading
supplier of instrumentation.
Nonetheless, while the heavy industrial firms and their affiliates
are the biggest, they are not the only players in the Japanese aircraft
industry. Although airframes account for 60 percent of the industry's
revenues, there is also a healthy and growing components industry (20
percent) and engine industry (20 percent).1 41 Overall, the aircraft
industry comprises nearly 200 firms, three-quarters of which are
members of the Society of Japanese Aerospace Industries (SJAC), the
major industry association.1 4 In September 1985, a separate industry
association was established to represent just the aircraft components
makers, who have enjoyed brisk growth in overseas commercial sales
since the mid-1980's.
142 Unpublished Keidanren mimeo, January 1989.
143 For a useful overview of the industry, see Masao Kuno and
Paul Rubin "Japanese Aerospace- Aiming for the Twenty-first Century,"
AerosDace Japan July 1984 - February 1986. For a complete directory,
see. Additionally, the Nikkei Sangy6 Shimbun and the Nikkan Kbgy
Shimbun provide detailed coverage of these businesses.
144 SJAC produces an English language list of its members and
summary of their activities. For a more detailed information, see




Cooperation has had a very uneven history in the aviation
industry. In the prewar period, all airplane manufacturing was
conducted by single firms. Each, therefore, had to develop its own
expertise at system integration and design. There was little or no
standardization of parts and specifications, and although the
technological achievements were notable, prewar productivity was very
low.1 4 5 An attempted consolidation by the military during the war met
with fierce opposition from the firms and remained incomplete. As late
as 1944, there were still twelve airframe makers and seven engine
manufacturers in Japan. The United States Strategic Bombing Survey
describes a related, private initiative and draws a conclusion which
is at odds with today's prevailing cultural interpretation:
"In the summer of 1944, when the production
situation became increasingly critical, several of
the top industry leaders discussed the formation of
an association for the interchange of technical and
production information and for the control of
allocations of tools and materials ... but nothing
came of it ... joint action for the common good
apparently had little appeal to the Japanese
mind. n46
Surprisingly, cooperation in the industry flourished, not under
the rampant nationalism of the 1930's and 40's, when wartime
mobilization should have presumably inclined firms to band together in
defense of the national interest, but in the prosperous postwar era,
when the threats to Japan have been commercial, rather than military.
In contrast to the anarchic character of the aviation industry in the
prewar era, the postwar period has seen considerable concentration and
collusion. As mentioned above, four firms have come to dominate the
industry. Rational choice theory suggests that this concentration and
stability should have made possible a kind of voluntary, self-
-policing cooperation, and, no doubt, the stability and limited number
of players has facilitated cooperation over the years. As one
official of SJAC put it:
"We in the aircraft industry see ourselves in a sort of
'friendship club,'(nakavoshi kuraabu) a village society bound
together by mutual knowledge of each other's plans..." 4 7
145 Japanese aircraft technology was considerable in this period.
A Japanese plane, the Kamikaze-go set a world flight distance record in
1938, and Japanese firms were building experimental jet engines and
aircraft by the end of the war. For the most detailed industry
analysis, see the United States Strategic Bombing Survey (1947).
146 United States Strategic Bombing Survey (1947) p.7.
147 Interview, 14 June 1988
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A JDA offical put it more bluntly:
"The JDA chooses the prime contractor, but industry makes the
deals. They each know and have to trust each other, because
they know what job comes next; they make tacit agreements for
the division of labor in the next project."1 4 8
However, it should be remembered that cooperation was enshrined
through government action. The First Aircraft Industry Promotion Law
of 1954 sought to cartelize the industry through official barriers to
entry and inducements to interfirm cooperation. The law created the
Nippon Aircraft Manufacturing Company, a "national policy company."
This project engaged each of Japan's heavy industrial and related
components manufacturers in a consortium in which the state assumed 50
percent of the equity and guaranteed full subsidization of development
costs. While acclaimed as a technological success, fewer than 200
planes were sold (two-thirds to domestic commercial airlines). Without
market incentives, the program suffered losses four times its
-capitalization and ended in the early 1970's without a commercial
follow-on project.
The strategic tack shifted in the late 1960's, as MITI elevated
aerospace to one of its three "key industries." Collaboration was not
replaced, but was fortified and transformed as a strategy for nurturing
what was still a backwards industry. The national policy company
formula of cost-plus-profit guarantees was abandoned. Instead,
subsidies for joint efforts were channeled through military
procurement. Every major aircraft project for the next fifteen years
involved design and production of military Jets. Each was undertaken
collaboratively by these same firms (in shifting patterns of prime and
sub-contractorship). The 1967 contract for production of the T-2
trainer, Japan's first supersonic jet, cast MHI as the prime
contractor, with FHI and others serving as subcontractors. The 1970 C-
1 military jet transport was built by KHI for the Air Self Defense
Forces, with MHI and FHI as the sub-contractors. In 1981, KHI was
awarded the contract for the T-4, and shared this with MHI and FHI "due
to the government policy of balanced industrial nurturing."
Commercial aircraft manufacturing was revived in Japan when, in
the late 1970's, efforts were undertaken by the big four to secure
international partners for entry into the global air transport market.
Consortia were formed to become "risk-sharing subcontractors" of a
series of "international consortia" in airframes (Boeing) and in jet
engines (V-2500).1 4 9 Once the big four convinced MITI and MOF that
148 Interview, 13 June 1988.
149 In late-1988, All-Nippon Airways (ANA) announced that it
would purchase the "proven" GE CFM-56-5 instead of the V2500, produced
by the international group in which a MITI-sponsored Japanese
consortium participated. This sent shock waveStthrough Tokyo,
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they were serious contenders, the Aircraft Industry Law was revised in
1986 "to promote joint international development." This provided for
the creation of an International Aircraft Development Fund to provide
low-interest loans (and after payback a permanent kitty) for domestic
firms engaged in international joint ventures.
The Key Technology Center also supports joint aeronautics
research.1 5V The "Frontier Aircraft Basic Research Center Co., Ltd."
was established in 1987 with 70 percent Center capital to develop the
quiet, low polluting, and energy efficient Advanced Turboprop Engine
(ATP). Ishikawajima Harima Heavy Industries assumed the leadership of
this consortium by providing 32 percent of the initial capital, but
participants include all the heavy industrial firms that make aircraft,
aerospace components, avionics, and materials. The top four private
shareholders hold 70 percent of the private equity.1 5 1 This is a
seven-year project capitalized at 450 million yen (approximately $4.5
million in 1987). The same ATP project with IHI in the lead was also
designated for STA funds in its 1987 budget as one of four "Special
Public-Private Joint Research Projects" (kanmin tokutei kvodo
kenkyu).1 5 2 It seems that support for collaborative projects is in
aviation is abundant and diversifying.
The partners in the Frontier Aircraft ATP project have established
a joint facility, but as in the case of ERA's, the "distributed
collaboration" rule is observed. Four separate research groups were
created: a) Integrated Systems; b) Power Plant/Dynamics; c) Propeller;
d) System Regulation Technologies. A lead firm is responsible for each
project, and in the case of the power plant research, IHI, KHI, and MHI
are pursuing the research at their home laboratories.
Firms justify their participation in two ways. First they
emphasize the technological linkages between this engine and other
projects in which they are active. Some of these projects are also
especially at MITI, which had called the international engine
competition "a commercial war that we absolutely cannot lose."
Apparently MITI had assumed that at least Japanese airlines would buy
Japanese, and upon hearing otherwise, made furious efforts to force
ANA to reconsider. Asahi Shimbun December 1, 1988.
150 For a short description of the project, see Key-Tec News,
December 1988, pp. 2-4.
151 They are Ishikawajima Harima Heavy Industries (IHI- 31.7
percent), Kawasaki Heavy Industries (KHI- 15 percent), Mitsubishi Heavy
Industries (MHI- 10 percent), and Sumitomo Precision Industries (13.3
percent). Other shareholders include: Fuji Heavy Industries, Kobe
Steel, Toray Industries, NEC, Toshiba, and Teijin, and 27 others. Each
of the keiretsu are represented.
152 Nikkei Business, 15 September 1986.
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collaborative, such as the V2500 engine consortium in which the lead
firms participate. The majority, however, are proprietary such as:
IHI's composite materials processing, KHI's high pressure turbines,
MHI's aluminum alloy processing, umitomo's rotor design technologies,
and others. Second, they invoke national developmentalist objectives
dear to MITI and MPT, claiming ''that this project will help them compete
effectively with the now dominant European nd Ameritcan engine
manufacturers. As MHI put it:
"Using our technological accomplishments to date as
a base, this next generation engine system will
enable us to confront Western manufacturers."
Project leader IHI was more blunt:
"(The ATP project) will establish the basic
technology for use in the twenty-first century and
with which the Japanese share of world markets will
expand.. ." l53
Even a cursory survey of collaborative practices in the Japanese
aerospace industry leaves no doubt as to their oligopolistic character.
From the very first Japan Jet Engine Consortium established in July
1953 to the very latest "Orient Express" hypersonic plane'project and
the next-generation fighterplane, the much disputed FS-X, every
Japanese aircraft project has been'divided up such that the big four
participate significantly in each one, regardless of which fiamong them
has been designated military prime contractor or or'mmercial 'consortium
leader, and regardless of foreign partnerships. The division of labor
has been remarkably stable. After' 30 years of carefully orchestrated
work-sharing, coordinated investment strategies, and minimal
competition between the leading firms, all backed by extensive state
support, are prominent features of the industry.
The same holds true in the aerospace materials industry.
Collaboration in aerospace materials is conducted under the aegis of
MITI's Agency for Industrial Science and Technology Program for
"Research for Basic Technologies for the Future Industries." This
program supports the R&D Institute of Metals and Composites for Future
Industries, which consigns a significant portion of its research
support to aerospace firms for work on metal and polymer matrices and
carbon fibers. Additionally, SJAC'has successfully diffused metal
bending and processing technologies to its members.1 54 This has taken
on the cast of economic nationalism. Alcoa Aluminum had been the sole
153 Both quotes from unpublished memorandum, Key Technology
Center, 1988.
154 For a full list of SJAC-sponsored projects (many of which also
attract MITI support) see the SJAC yearbook: KkO UchO Kgy6 Nenkan.
See also Nikkei Aerospace 29 September 1986.
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source to MHI and KHI for polished aluminum sheets for the B-767. But
these firms wanted local suppliers and engaged SJAC to secure MITI
funding to create a short-lived "Advanced Aerospace Technology
Development Center," to provide the technology to Kobe Steel and
Furukawa Aluminum. The project succeeded. Kobe Steel and Furukawa
Aluminum were able to purchase the special equipment for the processing
of this special material and commenced deliveries in 1984.
Japanese reliance upon collaboration in the aircraft industry was
ahead of the rest of the world. As the examples of Europe's Airbus and
the US Advanced Tactical Fighter projects suggest, single firms can no
longer be expected to assume all the risk in the design, production and
sales of new airframes. Collaboration has become an international way
of life in this business.1 5 5 In Japan, this interfirm collaboration
extends from upstream research and development down to the shop floor
of each production program. The extent of their collaboration, the
stability of the partnerships, and their division of labor are
extraordinary by the standards of Americans, who are just beginning to
learn how to "team" in aircraft development.
While the collaborative practices of Japanese aviation industry
may be the envy of the western world, the same cannot be said of the
industry itself. Japanese aircraft manufacturers have made great
technical progress over the years, but they continue to lag behind the
international competition. Just as the success of the computer
hardware industry cannot be explained without reference to accompanying
policies and strategic choices as well as the characteristics of the
industry, so the failure of the aviation industry requires looking
beyond the practice of collaborative R&D. As Samuels and Whipple
(1989) describe, Japanese aeronautics have labored under a number of
handicaps, many of which stem from postwar measures to prevent a
resurgence of Japanese militarism.
The first of these measures was the dismembering of the industry
itself by US Occupation authorities. SCAP banned all aircraft
manufacturing and broke up the major manufacturers into smaller, more
benign enterprises.1 5 6 The result was a dispersion of engineering
155 See Mowrey (1987)
156 The aircraft division of Mitsubishi Heavy Industry, which had
built 17,000 aircraft and 54,000 engines, for example, was broken up
into three firms that focused upon auto bodies, internal combustion
engines, scooters, and agricultural equipment. Nakajima Hikoki, which
ultimately became Fuji Heavy Industries, was divided by SCAP into
twelve firms. Kawasaki became a manufacturer of fire extinguishers,
textile machinery, and bus bodies. See Kuno and Rubin (1984-6) and in
the original, see Kuno, Masao. Nihon no Kkki UchO Sangyo. (The
Japanese Aerospace Industry) Tokyo: Daiyamondo, 1984. Note that in
1952, as soon as restrictions were removed with the end of the
Occupation, the MHI firms, the KHI firms, and the FHI firms were all
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talent and the refocusing of manufacturing activities. By 1952, when
the Japanese aircraft industry ban was lifted, the rest of the world
was already in the jet age, while Japanese aircraft engineers had been
designing bicycles and fire extinguishers.
A late start has not been the only handicap confronting Japanese
manufacturers. The postwar ban on military exports and a limitation of
defense spending to one percent of GNP is widely regarded as having
been a boon to Japanese industry, but it has certainly not been for
aviation. Aircraft production is first and foremost a military
activity. Commercial production rests firmly on a military-industrial
infrastructure. American aerospace, by far the world's largest, most
diversified and commercialized national industry, typically sells over
60 percent of output to the Department of Defense and a significant
fraction of the remainder to other government agencies and foreign
military establishments. The JDA procures over 80 percent of Japanese
output, in a market where the largest domestic producer of Jet engines
has never sold one for commercial use. Military production also
dominates the European aircraft industry, the Airbus project
notwithstanding. Only five of twenty-two aircraft manufacturers have
survived in postwar commercial markets, and only one does more business
with the airlines than with the armed forces.
It may be that, as Samuels and Whipple suggest, the tide is
turning for the Japanaese aviation industry. Between a vast military
budget in absolute terms (one percent of the world's second largest GDP
gives Japan the world's third largest military budget), an erosion of
the ban on weapons transfers, and a solid basis in related civilian
technologies (electronics, composite materials, engines, etc.), it is
only a matter of time before Japan becomes a major player in
aeronautics. Our purpose here is not to issue forecasts of the future.
What is clear, though, is that the success or failure of Japanese firms
in a given industry cannot be reduced to the achievements of research
consortia. What is more, even along the narrower dimension of
technology acquisition, RC's are but one piece of the equation, albeit
a very important and ubiquitous one.
4. Conclusion
Our studies of the telecommunications, computer, and aviation
industries have emphasized the complexity of bargaining and the range
of possible outcomes attendant to interfirm cooperation in Japan. We
have sought to deflate a number of simplistic images of the Japanese
political economy: that economic policymaking involves little more
than the straightforward implementation of a well-defined elite
consensus; that cooperation is an effortless, almost instinctive




goal, we have pointed to exceptions and nuances as well as patterns and
rules. We have looked for conflicts along with agreements, for
cheating in addition to cooperation, for failure and not just success.
Our three cases reveal that while the combination of historical and
institutional factors outlined in Section IV -- supportive public
agencies, stable institutional actors, the norm of "distributed
collaboration" -- help facilitate interfirm cooperation in Japan,
outcomes are by no means predetermined. Political bargaining and
institutional flexibility in the face of contingency remains essential.
The concluding section of this essay breaks with the cautious mode
of analysis employed to this point. Leaving the fine-grained
description of case studies, we attempt to group our observations into
a coherent package, to identify and describe a "national system of
innovation" 15 7 that is broadly characteristic of the Japanese economic
landscape.
157 The term is from Freeman (1987), p. 31.
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VI. LESSONS FROM THEORY AND PRACTICE
We have argued that the dominant approaches to the political
economy of research and innovation cannot fully apprehend and explain
research collaboration in Japan. In particular, these approaches lack
an adequate appreciation of the complexity and historical development
of Japan's institutional landscape. The neo-classical model is
consciously ahistorical. It seeks to deduce a comprehensive
explanation of human activity from a few basic premises: scarce
resources, unlimited goals, and rational selection of the means to
achieve the goals. The premises and conclusions are held to be
universal, that is, applicable in any country at any time. The problem
is that, as the cultural and late development interpretations suggest,
the preferences of Japanese economic actors are strongly influenced by
elements of Japanese history -- by the fact that Japan views itself as
an isolated, island nation, surrounded by enemies and that it
industrialized relatively late.
These preferences are further conditioned by relations among
diverse Japanese institutions. Neo-classical theory paints a rather
nefarious image of the role of institutions. Institutions are widely
blamed for disrupting the free play of market forces, thereby yielding
inefficiencies. This interpretation neglects an important element of
Japanese economic reality: the ability of institutional actors to
establish arrangements which enhance, rather than hinder, the
competitiveness of Japanese industry.
The cultural interpretation places great weight on historical
considerations. However, in the cultural model historical forces all
seem aligned in the same direction. History has frozen Japanese
culture once and for all. Since the Tokugawa period, through Meiji,
the postwar reconstruction, and Japan's recent emergence as an economic
superpower, the Japanese people are claimed to have remained society-
oriented, cooperative, and consensual. One is left with very little
sense of the diversity of Japanese culture or of how this culture might
ever change. In all but the most sophisticated cultural analyses,
Japanese institutions merely reflect Japanese culture.1 5 8 They are the
organic product of social solidarity, hierarchy, loyalty, and goodwill.
Thus, cooperation in R&D arises, not as the result of bargaining
among institutional actors with diverse viewpoints, but because
virtually all Japanese are inclined toward cooperative solutions to
common problems and because those who might dissent mute their
disagreement in the interests of group harmony and consensus. The




problem with this approach is that even among actors who broadly share
the common objective of promoting the development of Japanese industry,
cooperation does not follow naturally. Joint research ventures require
a complex balancing of communal effort and the preservation of
proprietary knowledge, a juggling of the demands and interests of one
institution with the competing claims of a number of other
institutions. Because it neglects inter-institutional conflict and
bargaining, the cultural interpretation is unable to describe the
process by which research consortia are established and sustained.
The late development interpretation goes the furthest in drawing
upon historical and institutional factors. The historical fact of
having been a late industrializer is claimed to have shaped much of
Japan's subsequent evolution and to have fostered a set of
institutions, notably a strong "developmentalist" state, which helped
promote Japanese industrialization. In contrast to the neo-classical
account, the late development interpretation suggests that institutions
are not simply an impediment to the rational allocation of economic
resources, but have played a central role in accelerating Japanese
development. In contrast to the cultural account, the late development
interpretation depicts cooperative practices as arising, not only from
historically-rooted predispositions, but from the initiatives of
institutional actors (i.e. MITI).
Although the late development literature accords a prominent
place to MITI and to the historical imperatives associated with
Japanese industrialization, the role of institutional and historical
factors remains narrowly defined. The interpretation revolves around a
single feature of Japanese history -- the fact of late development.
And yet, economic policy and practice in Japan has derived from a
number of other historical factors (as suggested by the cultural
approach): a history of isolation, racial homogeneity, fear of foreign
invasion, etc. What is more, joint research ventures have persisted
beyond the period of economic backwardness, suggesting that a more
complex set of factors motivates this practice.
Given these limitations, we explored three additional
explanations for Japanese practice. In this section we conclude by
considering the "value-added" of mercantilist, rational choice, and
Schumpeterian theories of innovation in light of the cases explored
above. Our interpretation borrows from each of these approaches, but
seeks to enrich them through an understanding of the Japanese context
and an appreciation of the contingency of political bargaining. Like
Schumpeter, we are convinced that innovation is central to the
strategies of Japanese technology planners. As List expects, the
various agencies within the Japanese state have always stood ready to
socialize risks for private actors willing to pursue simultaneously
private and public goals in the face of foreign competition. The state
has created a set of powerful incentives for firms to work together.
In addition, as Axelrod would acknowledge, the stability of
institutional actors -- public and especially private -- has
facilitated self-policing and the striking of bargains across
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generations of technologies. The pursuit of immediate self-interest,
the temptation to free-ride, is tempered (but not eliminated
altogether) by the knowledge that Japan's stable institutional context
will likely bring them into partnership with the same players over and
over again. List, Axelrod, and Schumpeter each have something
important to tell us about Japanese practice.
Yet, Japanese practice both derives from and transcends each of
these models. We have seen in three cases that Japanese technology
strategies, while sharing Schumpeter's obsession with innovation as the
central element of competition, seek (as List might predict and as
Axelrod would model) to level up the technology of an entire industry,
rather than a single firm. We need, therefore, to find a way to
accommodate firm-based models of innovation to national strategy and
political bargaining.
At the simplest level, government agencies encourage cooperation
through subsidies, tax breaks, and all the various incentives discussed
above. The national, as opposed to firm-level, thrust of Japanese
technology strategies is embodied in public institutions. For
governmental actors, the distinction between friend and foe is drawn
not between one Japanese firm and another, but between Japanese firms,
on the one hand, and foreign competitors, on the other. Consequently,
whereas a firm would prefer to preserve proprietary information against
rivals both foreign and domestic, it is in the interest of the
government to diffuse technologies as widely as possible across
Japanese industry. Collaborative R&D dovetails with this strategic
interest.
Government blandishments and threats are not the only factor
shaping the technology strategies of private firms. Nor are they
consistently determinant. We have argued throughout this essay that
cooperative R&D has been facilitated by an Axelrodian stability of
participants and the division of labor within RC's ("distributed
collaboration"), which combine to offer reasonable guarantees to
participants that their cooperation will be reciprocated. But these
private actors are not alone. Their incentives are constrained and
structures in such a way that they harmonize fairly well with the
proclaimed objectives of public actors.
The objectives of public actors are also rooted in Japan's
historical and institutional context. As has been noted above,
cooperative R&D is but one method among many for promoting
technological development. RC's have become the method of choice for
public officials in large part because many of the alternatives have
been foreclosed for political and historical reasons. Spin-offs from
military procurement, as practiced in the US and France, were limited
by the postwar ban on military exports and by low defense expenditures.
Direct foreign investment, the strategy employed by Sweden, ran up
against a deeply-held xenophobia, born of centuries of isolation and
racial homogeneity.
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Perhaps the most interesting road not taken was the French
"national champion" strategy. MITI did try at times to merge Japanese
firms into one or two national champions, and its reasoning was quite
Schumpeterian: MITI officials believed that only a monopolist could
meet the heavy investment burdens of technology-intensive competition.
However, this strategy was blocked by private industry -- often in
alliance with MITI's political rivals -- whereupon RC's were frequently
adopted as a second-best solution. Cooperative R&D offered an
appealing fallback position for several reasons. First, it provided a
means of marshalling sufficient resources and achieving economies of
scale in R&D despite the small size of Japanese producers. Second, as
we have seen in the case of the computer industry, MITI hoped that
collaboration could be used to prepare the ground for future mergers
between research partners.
On both the government and industry sides, then, historical and
institutional factors have structured incentives in favor of
collaborative research. This is not to say that other strategies are
never employed. The aviation industry has benefitted from military
spending, and the computer industry from licensing agreements that IBM
was forced to sign as a condition of being allowed to invest in Japan.
Nonetheless, we believe RC's are becoming modal, particularly in basic
research, because they correspond to the incentives created by the
Japanese context. These include, on the positive side, developmental
state officials and stable institutional actors; on the negative side,
limits on military expenditures, a strong distrust of things foreign
(since foreign firms have not been part of the Axelrodian iterative
game), and limits on MITI's power that include bureaucratic and
industrial rivals. Christopher Freeman captures this interplay
between historical and institutional structures and "national systems
of innovation":
"When Britain opened up a major 'technological gap'
in the first industrial revolution, this was
related not simply to an increase in invention and
scientific activities ... but to novel ways of
organizing production, investment, and marketing,
and novel ways of combining invention with
entrepreneurship. When Germany and the United
States overtook Britain ... their success was also
related to major institutional changes in the
national system of innovation ... (The same is true
of Japan today.)"1 59
Japan's "national system of innovation" is Schumpeterian in its
obsession with the technological component of competition, but not in
its strategies for promoting innovation. The Japanese approach is at
least a match for firm-based strategies of innovation, permitting a
more efficient generation and diffusion of technology than




Schumpeterian practice, while retaining ample incentives for
innovation. Consider the battle between IBM and Japan's hardware
manufacturers. IBM pursued a Schumpeterian strategy vat excellene,
introducing revolutionary new products regularly to try to grab market
share and wipe out the competition. In many places, it was
successful. RCA and GE quit the industry, and Europe's producers were
marginalized. By contrast, Japan's computer manufacturers were able to
not only survive IBM's Schumpeterian thrusts, but, with state support
and protection, they increased their domestic and global market shares
during this period. From a technological standpoint, they actually
closed the gap with IBM, despite investing far less in R&D. In other
words, in the context of Axelrod's iterative'game, List's mercantilism
outperformed-- or at least obviated-- Schumpeter's "creative
destruction. "1 6 0
Let us place the costs and benefits of this "national" technology
strategy in a broader context. We have noted that wasteful
duplication is the necessary correlate of proprietary technology. If
every firm in an industry is working independently in the hope of
monopolizing the next generation of technology, then they are bound to
replicate each others' efforts. What is more, replication does not
cease when the technological breakthrough is made. Rather, the
monopolization of this technology by the pioneering firm requires
rivals to duplicate the results (in a somewhat different manner if the
technology is protected by a patent) or else be placed at a severe
competitive disadvantage.
Another cost attendant to proprietary technology is one
identified by Schumpeter himself -- diminished competition. Monopoly
rents, after all, can only be earned by a monopolist. The statement
may be obvious, but it reflects an important risk: that as a result
of a revolutionary technological advance, otherwise viable,
competitive, efficient firms could be forced to withdraw from an
industry. The risk is multiplied in technology-intensive, rapidly-
evolving industries, such as computers, in which new generations of
products an order of magnitude better than the previous generation's
are introduced every few years. Schumpeter views this risk as a
natural element of the "creative destruction" inherent to capitalism
and argues that the short-term static inefficiencies from monopolies
are more than outweighed by the long-term gains as a result of enhanced
innovation. The claim is much-disputed, but whether it is true or not
does not change the fact that proprietary technology involves
160 As we mentioned before, public support -- protectionism,
extensive subsidies, the JECC -- played an important part in the
success of Japan's computer makers. However, American and European
governments also subsidized their computer industries. Relative
technological performances were less a reflection of differences in the
amount of government aid than in how this aid was used- in short,
institutional innovation was a key.
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substantial costs.1 61 It is List, rather than Schumpeter, who
anticipates the Japanese calculus of these costs and benefits.
A strategy of government-backed research consortia reduces both
kinds of costs associated with Schumpeterian innovation. Wasteful
duplication is diminished because, with jointly developed and shared
technologies, firms are not compelled to reinvent the wheel.
Cooperation also limits the possibilities for technology-based
monopolies. Joint research creates a "level technological playing
field" for all participants in the consortium; none are in a position
to drive the others out of business by virtue of qualitatively superior
technology. In this respect, cooperation appears to enhance, not
restrict competition. While collaboration reduces monopoly rents,
there is still a huge potential pay-off if the venture succeeds.
Technically, the participants would not reap "monopoly rents" because
they would not be monopolists. However, the "oligopoly rents," in a
situation in which five or six Japanese firms were able to gain a
decisive technical edge over all foreign rivals, would be tremendous.
Given this potential windfall, it is very hard to believe that
cooperation would vitiate the motivation for innovation. When the
scope of competition is defined on a global, rather than national
level, we are dealing with a considerably altered set of assumptions,
rules, and institutions. Consider, for example, Wakasugi's explanation
why research consortia in Japan do not run afoul of the Japan Fair
Trade Commission and the Anti-Monopoly Law that it (rarely) enforces:
"Since engineering research associations are
exposed to foreign competition, the chance that
they would consitute cartels is low."1 6 2
Japan's "national system of innovation" seems to offer a number of
advantages over classic, firm-based innovation. Because resources are
pooled and risks are shared, participants in RC's are willing to
undertake more ambitious technology strategies than if they were
working alone. Rapid diffusion of technologies and the avoidance of
unnecessary duplication mean that resources are employed more
efficiently. Finally, collaboration permits Japanese industry to enjoy
the advantages of size and scale without vitiating competitive
pressures. Static and dynamic efficiency can be achieved
simultaneously. As long as there are viable foreign competitors or
161 For a discussion of this claim as applied to American
industry, see F. M. Scherer (1984).
162 This is the first of several explanations why research
consortia are not anti-competitive in the Japanese view. One other is
the fact that these consortia are established for specific purposes for
limited periods. This, he argues, limits their impact upon product and
capital markets. A second additional expolanation is that these ERA's
pursue topics that are well underway at the home laboratories, thus




potential competitors, the incentives for RC's to innovate are likely
to remain strong.
Although we believe that this Japanese system of innovation, with
its distinctive institutions and practices has proven itself superior
to standard practice in the West in important cases, our analysis
should not be interpreted as suggesting that RC's offer the way for the
US and Europe to match Japan's technological dynamism. First, we have
shown that decades of collaboration in aerospace has not yielded the
benefits enjoyed in computers. Second, many factors have contributed
to Japan's technological performance: a well-educated labor force,
with a per capital engineering population twice that of the United
States; one of the highest investment rates in the world; a history of
"reverse engineering," of absorbing and improving upon foreign
technologies; managerial practices which encourage worker initiative
and suggestions. RC's are an important features of Japan's "national
system of innovation," but they are not the only feature.
The other grounds for caution before rushing to emulate the
Japanese system is that, as we have insisted again and again, this
system is very much rooted in Japan's historical and institutional
context. Japan's historical and institutional legacy have ruled out
certain technology strategies (spin-offs from military procurement,
direct foreign investment, etc.), which might prove viable in other
countries. Conversely, efforts to replicate RC's are likely to prove
difficult in countries lacking such features as public authorities
willing to underwrite private research efforts or stable institutional
actors whose regularized interactions create incentives for developing
high-trust relations and who are willing to accommodate a significant
(if negotiated) role for the state. Economic practices cannot be
imported as simply as automobiles or computers. Any effort to
transplant RC's to radically different national circumstances are
conditioned -- and possibly precluded -- by the historical and
institutional characteristics of the recipient nation. Nonetheless, we
believe that western understanding of the purposes, processes, and
meaning of collaboration must be adjusted in light of Japan's
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